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THE METHOD OF EVOLUTION 


By Professor H. J. MULLER 


’ UNIVERSITY OF TEXA 
I. Tue ‘‘Fact’’ or Evo_ution that the ending will not be Mankind 
. lex . tha ; ' { sena?Y 
DouBTLEsS most of my readers know ‘0-Gay 1S In the position Kaspat 


the story—it is said to be largely fic- Hauser on his first emergence Mor 
titious—of Kaspar Hauser. According @8©S we have remained cooped up within 
to this story there appeared one day on blank walls of artificial construction, 
the streets of a town in Germany, about knowing of nothing beyond, behind, 
a century ago, a youth, half blinded by beneath, above; imagining at most an 
the light of day, bent and decrepit, other cell or two much like our own cel 
practically uneclothed, unable to talk, on the other side of the wall. Unexpec 


dazed and befuddled by the objects edly, however, through a combi n of 
about him and the persons who crowded luck and a certain amount of schemi 

round. His origin was traced—so the we have managed to creep through a 
story goes—to the cellar of a house, then series of crevasses in the structure, and 


abandoned by its owners, where for have gained a view for the first time ol 
some unknown reason he had been kept the brilliant real world outside [t 
since infancy, without companions, prac-_ stretches far beyond our reach, but is 
tically without care, his food being ours to roam. 


thrust in to him and no knowledge or The vastness of the amount of space 
hint of the outer world being allowed to and material is but one aspect of this 
reach him for some sixteen years. When sudden expansion of our universe. The 
the owners left he escaped, and was seemingly magical extension of matte 
dumbfounded to discover the world. inwards, discovering microcosmic rv 

But he was not feeble-minded; he _ within realm in the interior of all parts 


learned to talk; he learned the use of of all things, is another direction in 
objects and the ways of people, and so, which as yet unlimited vistas have 
undertaking work and forming human opened. But in following our chosen 
associations, he became drawn into what topic we are concerned more with a 
for most men would be the ordinary’ third kind of removal of bounds, lying 
stresses and cares of life. The tre- in the realization of the tremendous 
mendous change seems, however, to have reaches of time behind and before us, as 
overstrained the powers of adjustment compared with our primitive conceptions 
of his cramped mind and body, and he of earth and life history, and in the 


} 


lived a short, tragic life, capped by vio-_ realization of the immensities of chang: 


lent death. that have occurred, are occurring and 
This is a fitting allegory for describ- will occur in that life, during periods of 
ing the present situation of mankind— __ time such as we have evidence for. It is 


at least, the first portion of the story this which shakes our human composure, 
seems d propos, although we may hope _ perhaps more than any other revelation 
481 
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of nature. We were not we; they were 
not they; things are not as they were 
as they are. In the 
living things, as 


will not be 
and 
well as in their outer environment, trans- 
figuration has gradually followed trans- 
figuration so as to remake them again 
and again into totally unrecognizable 
beings. And more than ever are we now 
in the grip of these transfigurations. 

The protracted reaches of time, with 
their long-drawn-out processes of trans- 
formation, now stare us plainly in the 
face. Go up the steps of the main 
building of our university and look be- 
neath your feet: the dead relies of fan- 
tastic creatures of the sea that crawled 
here many millions of years ago are 
obvious everywhere, ground off to serve 
as your footrests. Follow with the geolo- 
gist and trace these changes and others 
grade by grade. Then delve into the 
history of your own body, as it unfolded 
its heritage from the egg, and note the 
dim rehearsal of past events that it 
seems so unnecessarily to go through, 
as by some ritual incantation recounted 
every generation anew: in your early 
stages your gill slits, your fish’s heart, 
fish’s brain and fish’s circulation, then 
later your split lip, your pointed ear, 
your coat of body hair, your tail. And 
note the traces of these obsolete struc- 
tures, in lowlier creatures so useful, even 
in your adult selves. Now accompany 
the breeder of plants and animals to 
his farm, and let him show his new 
and fancy varieties. Compare them also 
with the records of their ancestors and, 
if you can, deny the plasticity of proto- 
plasm. 

Is evolution ‘‘a fact’’? Am TI a fact? 
What is a fact? The philosopher says 
that he can not say I am a fact, but that 
he knows he is a fact, and that that is all 
he knows for sure, but I am not sure he 
knows that much. However, I will not 
dispute it with him. He and I and evo- 
lution may all be a hoax, but I think we 
have enough evidence to convince us 


and 


bodies spirits of 
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that we will all have to stand or fal 
hoaxes together. And that is enoug! 
Satisfy me, at the present stage 
game. If I am a hoax, you may bi 
then there is no evolution, and 

tion is a hoax you may be sure ther 
no me, but if either evolution or I e; 
then you need not doubt that the ot 
exists too, and by the same token: 
it is by the same process of piecit 
gether, interpolating, a kind of cont 


ity in the intervals between the 
] 


rated but consistent momentary glim) 
of us which you get sense evi 
from time to time, that you can reco 
struct a convincing concept o 


Certainly, if an 


lence 
each 
us, evolution and me. 
one could prove that evolution had n 
occurred, in spite of the overwhelming 
evidence we have of it, I should have m 
conception of the consistency of the u 
verse so destroyed that I should see litt 
reason left to credit the truth of my 
existence. So remember, if you 
evolution is not a fact—no, not at al 
no more a fact than tht I exist or tl] 
you are reading the words on this pag 
It ill befits us, however, to remain 
wrangling over such abstractions when 
we stand confronted with the view of a 
great hitherto unknown world of which 
we form a part. Admitting, for pur- 
poses of living, the reality of this world 
of ours, we must forthwith bestir our- 
selves to find out its possibilities and the 
rules which govern its activities. Ever 
though we may be but as little motes 
drifting helplessly in its great currents, 
still we can not keep our self-respect as 
men without striving to understand its 
operations, and, if possible, to make at 
least some little impression upon them. 
What, then, are the methods of opera- 
tion of these great evolutionary proc- 
esses in which all life has been caught? 


II. THe QuarREL OvER THE CAUSATIVE 
AGENT 

It is here that the real doubt 

divergence of opinion among the s0- 


and 
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called ‘‘experts’’ has been supposed to 
‘‘Darwinism is dead,’’ it is some- 
and though 


by his 


exist. 
times parroted, 


died tragically 


Kammerer 
own hand, the 


hypothesis of the inheritance of acquired 


characters which he among others advo- 


eated is claimed to have plausibility. 
Many, if most, 
believe in it, but some philosophers pre- 
through a kind of inner 


’. still others who 


not medical men still 
fer evolution 
drive— 
make themselves heard believe that in- 
stead, or in addition, there is a direct 
influence of the kind of environment 
upon the kind of variations that occur, 
with the result that fitter and fitter, or 
occasionally, less and less fit, organisms 
are brought into being. To ‘‘explain’’ 
the fortunate adaptive responsiveness on 
the part of the the guesses 
range from an rather 
sighted, cell-intelligence, the ‘‘entel- 
leche,’’ to an external, far-visioned 
perfecting principle. 

Amongst the various voices—so our 
students have to learn from some con- 
temporary texts—there are also to be 
heard the voices of ‘‘neo-Darwinians,’’ 
who arrive at a finite end by an almost 
infinite number of steps, or slides, back 
and forth, of almost zero individual 
magnitude, the backslides, however, 
being each time discontinued. And op- 
posed to these, it is often stated, are the 
voices of different kinds of ‘‘mutation- 
Some of the latter would have 
one adapted species change directly into 
a differently adapted species by just 
doing so; others would have each more 
advanced type emerge out of the more 
primitive type by losing an inhibition. 
Then, too, there are the voices of those 
claimants who say that new products 
arise only by the crossing of preexisting 
types, followed by the formation of a 
combination type representing certain 
elements from each of the old. It is not 
explained here whether the second spe- 
cies arose by crossing between the first 
and third or whether the third species 


‘*orthogenesis 


organism, 


internal, short- 


ists.’’ 


scrawled 
dent or 
his own 
there is 

common. 

every eff 

effect has 

to say that 

able to sup] 

variation, or diff 

an offspring and 

been due to som 

quality of stimulus, within 

ing that parent, whether we 

ent trace it or not. l I 
condition then would bring forth a 
ilar variation again. In som«e 

it is added further that s 

tion must therefore tend i 
explain the course of evolut 

turn t 
necessity of 


would seem to 


invoking 
tion’’ to do more tha 
secondary and occasional 
it is often said, 
unsatisfying’ 
order and organiz: 
could have con 
chance process as natural 
mittedly is 

It is evident that a real deci 
questions at issue can be reached only on 
the basis of the 
nature of those diff 
guish one generation of indi 


istin- 

] 
l1duais trom 
its predecessors, and whi hey in turn 
to their 
not 


trom 


tend to transmit as a heritage 


descendants. That is, we must 
remain 


afar, but must view close up, as through 


content to view evolution 


a microscope, the transitions now occur 
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ring out of which the evolutionary story 
is pieced together. The science which 
essays this study is ‘‘genetics.”’ 


III. Genetic PrincrPLes REVIEWED FOR 
THE NON-BIOLOGIST 

During the present century genetics, 
building upon the earlier discoveries of 
Mendel, has practically solved the prob- 
lem of the method of inheritance of 
the differences referred to, once they 
have arisen. All modern genetic work 
converges to show that the heritable dif- 
ferences between parent and offspring, 
between brother and sister, in fact, be- 
tween any organisms which can be 
crossed, have their basis in differences in 
minute self-reproducing bodies called the 
genes, located in the nucleus of every 
cell. The genes themselves are too small 
to be separately visible, but hundreds or 
thousands of them are linked together 
into strings, and these strings of genes, 
together probably with some accessory 


material, are large enough to be seen 
through the microscope by the cytolo- 
gist; they constitute the sausage-shaped 


bodies called chromvsomes. We know 
that, ordinarily, each individual gene in 
a string is different from every other 
gene in the same string, and has its own 
distinctive réle to play in the incom- 
parably complicated economy of the 
cell. Moreover, the genes in different 
chromosomes are different from one an- 
other, except in the case of homologous 
or twin chromosomes, 7.e., the corre- 
sponding chromosomes which each cell 
of an individual received from the father 
and from the mother of the individual, 
respectively. To match each chromo- 
some that was derived from your father, 
every cell of you has in it also a similar 
chromosome (though not necessarily 
quite identical) derived from your 
mother, so that it contains in all two 
complete sets of chromosomes and hence 
two complete sets of genes. The proper 
functioning of the cell during its life 
depends upon the proper cooperative 
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functioning of its thousands of different 
genes. One complete set of genes would 
ordinarily be enough for this, but two 
sets are provided, so that new combina- 
tions of the characteristics of different 
ancestors may be tried out. 

Each given gene in the cell must of 
course have its own specific chemical 
composition, differing from gene to gene, 
though there is no doubt a chemical rela- 
tionship between all genes. <As yet, how- 
ever, we have no knowledge as to w *t 
the chemical composition of any indiyid- 
ual gene, or of genes as a group, is. 
Whatever it is, we can not escape ‘he 
fact that the different genes, through 
differing chemical reactions with other 
substances in the cell, produce by- 
products which have a very profound 
influence upon the properties of the pro- 
toplasm. And through the combined 
influences of all the chemical products 
of the thousands of different genes in a 
cell, meeting one another in the common 
protoplasm and then interacting in 
devious ways to form further products 
again, the exact form and physical and 
chemical characteristics of all parts of 
the cell that contains those genes will be 
determined, for any given set of outer 
conditions. Changing conditions exter- 
nal to the cell will of course change the 
properties of the protoplasm too, but 
what form and behavior it can and will 
show for a given set of outer conditions 
depends primarily upon what genes it 
has. And since the body of a man or 
other animal, or a plant, is made up of 
its cells, and the form and other proper- 
ties of that body depend upon the prop- 
erties of these constituent cells—their 
form, the way they fit together and work 
—it is evident that, less directly but no 
less surely than in the case of the indi- 
vidual cells, the characteristics of the 
whole body depend upon the nature of 
the genes in the individual cells. 

These individual cells of the body 
have, during the development of the 
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embryo, been derived from the original 
fertilized egg cell, through a succession 
of cell divisions in the course of each of 
which every chromosome and every gene 
present in the dividing cell also divided 
in half, one half of every chromosome 
and gene then entering one of the two 
daughter cells and the other half enter- 
ing the other daughter cell. Between 
divisions the chromosomes and 
usually had a chance to grow back to 
their original size. Thus it results that 
every cell of the body has the same kinds 
and numbers of chromosomes and genes 
as the fertilized egg had, and as every 
other cell in the body has. The original 
two sets of genes of the fertilized egg 
one set received from the sperm of the 
father, the other similar set derived from 
what the egg of the mother contained 
before fertilization—are still both pres- 
ent in every cell of you. But these two 
sets of genes of the fertilized egg were 
all, and more, than were needed to re- 
sult in a complete man. We see, then, 
that every single cell of you, in the skin, 
the brain or anywhere else, contains the 
makings of a complete man or woman, 
and that you are in this sense wrapped 
up within yourself many trillion fold. 
Not each cell may grow up into an entire 
man, of course, but must remain content 
to do its specialized share, even though 
it has a full cargo of genes, because its 
structure and activities are limited and 
regulated in various ways through the 
mutual influences received from the 
other cells in the body. The various 
cells of different organs developed dif- 
ferently from another because, 
though possessing the same genes, they 
found themselves in different situations, 
subject to different influences, from the 
start. Only the germ-cells, then, may 
eventually realize anything like their 
full potentialities. 

All this explanation, somewhat off the 
main theme, may serve to furnish some 
sort of notion of how the characteristics, 


genes 
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be due to a difference betweer 
given genes in them rat] 

We may then call these for short 
and ‘‘for blue’’ 


remembering 


just two 
genes, 
the genes ‘‘for brown’’ 
eyes, respectively, while 
that really, in both individuals, many 
other genes are present also which are 
helping to produce the exact eye colora 
seen, but that these other genes 


tions 
in question and therefore are not caus 
ing this particular difference, between 
this brown eye and this blue eye. 


By studying the characteristics that 
appear among the descendants in later 
generations, after individuals differing 
have 
Mendelian 


governing 


in regard to one or more genes 


erossed together. the defi ite 
) ’ ' . 
1 tin aws OI ilnkage 


} 


of genes |] 


laws an 
the inheritance ave been deter- 
and they are found to have a 


The re is 


mined, 
practically wi 
no use attempting he formulate in 
working out; 
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that for blue eyes, fertilize each other, 
neither gene is lost, but the resulting 
individual possesses both genes in every 


one of his cells, even though his eyes may 
show preponderantly the brown color, 
brown being said to be the dominant 
gene and blue the recessive. Half the 
germ-cells formed by an individual of 
such mixed composition (‘‘heterozy- 
gous,’’ we call him) will carry the brown 
gene and not the blue one, the rest carry 
the blue gene and not the brown, and so 
there is as good a chance for any one 
of his children to inherit the blue gene 
as the brown one. Moreover, it is found 
that neither the blue gene nor the brown 
one, when inherited by the next genera- 
tion, shows any weakening or other trace 
of its former sojourn with a gene of 
opposite character. It persists through 
the generations uncontaminated by its 
associate-genes. 

Now if the individual of dual compo- 
sition had also been dual (heterozygous) 
in regard to some other kind of gene, say 
for hair shape, having received the gene 
for curly hair from the parent that gave 
him brown eyes, and the gene for 
straight hair from the parent that 
donated to him the gene for blue eyes, 
then, although he would probably show 
moderately curly hair, nevertheless, as 
in the case of the eye colors, half of the 
germ-cells which he produced would 
earry curly and the rest would carry 
straight. However—and here lies the 
important point—not all those germ- 
cells of his that carried brown would be 
the ones carrying curly, nor would all 
those carrying blue carry straight; there 
would be some carrying the combination, 
new perhaps for this family, of brown 
eyes with straight hair, and other germ- 
cells carrying the converse new combina- 
tion—blue eyes with brown hair. Thus, 
by crossing and recrossing individuals 
with different genes, new combinations 
of these genes will be produced in sub- 
sequent generations until all possible 
combinations of the differing genes in 
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erossable individuals have been given a 
trial. Occasionally totally new effects, 
new characteristics, are thereby pro- 
duced, when some new combination is 
obtained through the unexpected inter- 
action of genes which never before had 
been tried out together, but such cases 
are rare. Were the process just de- 
scribed the only method of obtaining 
change in the characteristics, or combi- 
nations of characteristics, of organisms, 
evolution would soon reach its limit. 

On analyzing the results of various 
crosses, it is found, as might have been 
expected, that closely related individuals 
differ in respect to relatively few 
(though sometimes absolutely many 
genes, so-called unrelated individuals of 
the same race differ in more genes (in 
fact, in about twice as many as do 
brothers or sisters), individuals of dif- 
ferent races differ in still more genes, 
and those of different species, where the 
crosses can be made and analyzed, are 
found to differ in a yet greater number. 
In each case, however, the differences are 
of the same general nature—differences 
in ordinary genes in the chromosomes, 
that normally are handed down in 
heredity in the orthodox Mendelian 
fashion. In fact, in some cases, as Baur 
and others have found, the difference 
between two members of a family may 
be in regard to the very genes which also 
distinguish two different species as a 
whole. The species-differences, then, are 
simply more abundant, and have had a 
chance to become more select(ed). And 
there is every reason to believe that the 
same is true of the differences between 
more widely separated groups (with the 
further proviso, that the number and 
arrangement of the genes, as well as 
their kind, may be different). For, in 
the course of evolution, as one species 
changed into another and then again 
into another, it would gradually diverge 
so far from its progenitors as to be 
placeable in a separate genus, then in a 
separate family, order, class, ete., al- 
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though all along differences would be 
w- 


accruing in the same manner as be 
If they can acerve in any other 
we should by this time have got 

dence of it. But we are running 

of our story, for the manner of origin 
the differences has not yet been consi 
ered here. 

Most of modern genetics has been 
occupied with tracing down the above 
‘*facts’’ (if this term may now be used, 
subject to the qualifications previously 
expressed). They relate essentially to 
the method of transmission, to later gen- 
erations, of gene-differences that are 
already found to exist between individ- 
uals. They show the universality of 
these differences, their comparative per- 
manence and their recombining capabili- 
ties. But they leave untouched what 
now becomes the major question—how 
do such differences originate in the first 
place? What is the origin of variations? 

A hitherto rather incidental, yet very become 
important, part of modern genetics has_ ing yell 
had to do with the problem just raised 
It has been discovered definitely that 
differences between genes do arise, de 
novo, as it were. That is, not all the 
gene-differences now existing in a popu- 
lation have existed in it from the begin- 
ning. New differences are continually 
arising, somehow, and the differences rying 
now existing have undoubtedly arisen in been sl! 
the past in a manner similar to these. 

Each gene-difference arises suddenly 
and full-fledged, though we may not be 
aware of it at once. Thus, in a poy ' 
tion of gray-colored mice, suddenly, ehange is 
certain cell of one individual, one of the a chemical 
genes whose cooperation is necessary for we have 
the production of the gray color under-_ eventual! 
goes a change into a gene of different populati 
composition that tends, in its interaction whether 
with the other (unchanged) genes for reprodue 
color, to produce a yellow tinge instead The eff 
of a gray. In this single cell, however, as varie 
the change will not be observed by us. are foun ecur within 
But if this cell, or one of the cells de-_ since these gene-differences 01 
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mutation. Some gene-differences, some 
mutations, produce large and startling 
effects, like growing a leg on a fly’s fore- 
head. Some affect the whole body in 
practically all its parts, others change 
two or three characters, others appar- 
ently but one. But the less conspicuous 
changes, the insignificant effects that are 
sasily overlooked, or that even, in many 
individuals, quite overlap the normal 
type, seem at least as apt to occur as do 
the pyrotechnical varieties. Evidence is 
not lacking that physiological changes, 
and changes that can only be detected 
physicochemically, are probably as fre- 
quent as changes in visible structures, 
but geneticists have till now had to have 
a predominantly morphological training, 
and anyhow the morphological is easier 
to see and deal with. It would be absurd 
and scholastic to try to classify muta- 
tions according to the nature of their 
effects. A mutation can do practically 
anything that life can do—or at least a 
little of it, for life is built out of muta- 
tions. 


IV. THe RANDOMNESS OF MUTATIONS 


The statement just made does not 
necessarily mean, however, that the 
average mutation does very much in tlie 
furthering of life. You will recall that 
perhaps the biggest question among the 
older schools of evolutionists was this: 
Do variations have a tendency to be 
adaptive, to further life? Is there any 
evidence in them of an internal or exter- 
nal adapting or perfecting principle, call 
it what you will? Any kind of inheri- 
tance of acquired characters, orthogene- 
sis, direct adaptation of the germ-plasm 
to environment, or single-stepping origi- 
nation of species requires this. What do 
the data on the actual occurrence of 
mutations show? 

They show just the opposite, and in 
so doing they support Darwin. The vast 
majority of observed mutations are posi- 
tively detrimental, and handicap the 


individual less or more in the struge); 
for the survival and reproduction. I: 
fact, as Altenburg and I showed in som 
studies on the fruit-fly, Drosophila, in 
1919, by far the greater number of de 
tectable mutations in it are actuall) 
lethal: their effect is to kill the anima 
before it becomes adult (though 
course their effect may be prevented 
they are recessive and if the dominant 
normal gene has been received by th 
individual from its other parent). E 
dence is accumulating that the sam 
situation probably holds in other forms 
of life. Now this is just what we should 
expect, and did expect, on the basis « 
the theory that a mutation is a chemical 
change in a gene, occurring at random. 
as it were—that is, without reference to 
the effect that would be produced 
a-teleologically. Suppose you prod t! 
innards of a watch at random—bring 
about some alteration in ignorance of the 
effect it may have. Are you likely t 
make it a better-running watch? A 
change, purely accidental in this sense, 
wrought in any complicated organization 
is more likely to injure or wreck than to 
improve that organization for the sp: 
cific function (in the case of life, multi- 
plication) which it subserves. But, 
unless the organization has reached its 
absolute maximum of efficiency already, 
there will still remain some changes, and 
therefore some random changes, that will 
help. And so, occasionally, when your 
watch has stopped or is running poorly, 
you may knock it, prod it, or drop it, 
and find that, by the lucky replacement 
of a cog, or the displacement of a sand 
grain, it starts up merrily again. We 
shall return to this topic later. Mean- 
while, we stand on our data: despite the 
staggering complexity of adaptation in 
living things, the vast majority of muta- 
tions are, as is to be expected, anti- 
adaptive. 

It will not suffice, however, simply to 
eall the changes ‘‘accidental.’’ An acci- 
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dent is something whose cause was inde- sorts o 

pendent of something else you are inter- produce 

ested in, but every accident has its cause 

just the same. And so we return again 

to our perennial question: What is the _ ized, illuminated, | 

cause of mutations? Evidently, we may smothered, 

now say, not any outer or inner tendency 

toward perfection of the life force, but 

that does not help us very much, scien- 

tifically. The mutations whose origina- 

tion has been known to geneticists have 

been on the whole very scattered and 

sporadic, so that little of definite infor- 

mation could be obtained, by collecting 

these observations, concerning the condi- i] 

tions which may have been contributory were exact 

to their occurrence. The trouble was showing 

that mutations having a conspicuous at most 

visible effect are so very rare anyway 

that one does not find enough in any one 

experiment to ‘‘count.’’ However, the the mutation 

very negativeness of this result, and the treatments 

varied character of the mutations as the composit 

they did occur, suggested that their and I am in 

occurrence had little or no relation tothe correct. And yet m 

ordinary variables of the environment. happen, even though 
Altenburg and I, in the work previ- amination of over twenty mill 

ously alluded to, undertook a more syste- flies, not specially maltreated 

matic test of the possible effectiveness of hundred visible mutat 

temperature, by using a technique by found. These mutatior 

which we could count the occurrence of causes. What then e: 

lethal mutations, since we found these What subtle condi 

arose so much oftener as to be countable, parently s 

and we obtained results indicating, injury and 

though not proving, that a rise in tem- changes in 

perature caused a slight increase in l st 

mutation frequency, even as it hastens over the « 

chemical reactions. Later evidence in Drosophila the presen 

seems to substantiate this, but the result reported the finding of 

at best scarcely goes far enough to afford this fly, when a mutat 

a workable handle for the study of muta- given gene of a cell 

tion phenomena, since the numbers’ hundreds or thousands of 

obtained even here are so trifling in kinds in that cell remain un 

response to the great expenditure of even the twin & th 

technical effort necessary. In addition same cell—t he originally 

to this work, efforts have been by no gene that the individual hs 

means lacking, on the part of numerous from its other parent—remain 

investigators, to find the cause, or a changed also. Here, then, are two genes 

cause, of visible mutations, by trying all of identical chemical composition, lying 
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very close to one another in the same cell 
—on the average less than a thousandth 
of a millimeter apart—and one of them 
is caused to mutate but its duplicate is 
not. Neither do the identical genes in 
neighboring cells mutate. Evidence for 
this same kind of occurrence has been 
adduced in other organisms. Why do 
not the same general conditions, acting 
on the same materials, produce every- 
where the same results? If events in 
this sphere are apparently so indeter- 
ministie, is it any wonder that we could 
not in o ¢ previous trials, by the appli- 
eation of definite conditions, produce 
definite mutational results? 

In view of these accumulating find- 
ings, the conclusion seemed to me to 
become increasingly probable, not that 
mutations were causeless, or expressions 
of ‘‘the natural cussedness of things,’’ 
or of the devil, but that, as Troland had 
suggested prior to the finding of this 
evidence, they were not ordinarily due 
directly to gross or molar causes, but 
must be regarded as the results of indi- 
vidual ultramicroscopie accidents— 
events too far removed from us in fine- 
ness to be readily susceptible to any 
exact control on our part. In other 
words, an appeal was made to the newly 
found world of the little to which I 
alluded in the beginning, and which the 
old-line biologist and philosopher do not 
always take sufficiently into considera- 
tion. 

The genes are not only protected by a 
cell membrane but by a nuclear mem- 
brane inside of that, and possibly again 
by a chromosomal envelope of some 
kind; they may be well shielded, there- 
fore, from the reach of any poisonous 
substances or unusual products of me- 
tabolism. They can not, however, escape 
the interplay of the helter-skelter 
molecular, atomic and electronic motions 
that are continually taking place both 
within and around them, on the part of 
the substances of which they and their 


neighbor molecules are naturally com- 
posed. Nor can they escape the buffet- 
ing action of the electromagnetic stresses 
and strains occurring through space in 
the field in which they lie immersed. 
These various exchanges of energy are 
not, it is evident, ordinarily consequen- 
tial enough, or the energy is not directed 
in sufficiently telling ways, to so distort 
a gene as to change its composition per- 
manently. Occasionally, however, such 
a change does occur, and subsequent 
generations tell the tale. 


V. X-Rays a Cause or Mutations 

If this general conception of mutation 
is valid we must regard it as being 
merely a kind of placing of the problem; 
we should not yet know just which were 
ordinarily the critical processes con- 
cerned, still less the exact steps involved. 
The conception carries with it, however, 
suggestions for further experimental in- 
vestigation. For among the agents of an 
ultramicroseopically random character, 
that can strike willy nilly through living 
things causing drastic atomic changes 
here and passing everything by unal- 
tered there—not a ten thousandth of a 
millimeter away, there stand preemi- 
nently the X- or y-ray and its accom- 
plice, the speeding electron. There is 
nothing in protoplasm which can effectu- 
ally stop the passage of X-rays or the 
related waves of shorter wave-length— 
gamma and cosmic rays. For the most 
part, in a cell, the rays will pass through; 
but at isolated, unpredictable spots, de- 
pending upon unknown ‘‘ 
tails of energy-configurations, a definite 
portion, a ‘‘quantum,’’ of the rays will 
be held up, and part of the energy thus 
absorbed will issue forth in a hurtling 
electron, shot out of the atom that stood 
in the way of the radiation. The atom 
will be changed thereby, and hence the 
molecule in which it lies may undergo 
a change in its chemical composition. 
But for every atom thus directly 
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changed there are thousands of other 


atoms changed indirectly. For the 
electron, shot out like a bullet (except 
far faster), tears its path through 
thousands of atoms that happen to lie in 
its way, leaving in its wake a trail of 
havoe before it is finally stopped. In 
this process, many of the atoms through 
which the electron tears have one or 
more of their own electrons torn out or 
dislodged from their proper places; this 
change in the structure of the atoms 
often causes them to undergo new chemi- 
eal unions or disunions that in turn alter 
the composition of the molecules in 
which the atoms lay. If a gene is a 
molecule, then, with properties depend- 
ing upon its chemical composition, it can 
be shot and altered by the electrons 
resulting from the absorption of X-rays 
or rays of shorter wave-length. The 
only question would be, can enough 
mutations be caused in this way to be 
detectable by our present methods, with 
doses of rays small enough not to kill or 
sterilize the treated organism? 

With these points in mind, the author 
undertook in the fall of 1926 a series of 
experiments designed to test the question 
at issue. The fruit-fly, Drosophila, was 
used, since it is so easily and rapidly 
bred in large numbers and since it ren- 
dered possible the employment of special 
genetic technique for the finding of 
mutations, that had been elaborated in 
the course of my previous work on link- 
age and mutation in this organism. 

It would take us too far afield here to 
examine this technique in detail. Stocks 
of flies had been made up containing in 
given combinations certain genes with 
conspicuous effects which would serve to 
notify the investigator that the chromo- 
some under consideration was present. 
On making given crosses of these stocks 
with other stocks various combinations of 
characteristics would be expected in the 
first and following generations. If flies 
with some particular expected combina- 
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In these experiments the adult 


In some cases the males, in other cases 
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the females—were placed in gelatin 
capsules and subjected to doses 
X-rays so strong as to produ 
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sterility, though the other fur S 
the flies are not noticeably dis 
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here. The treated flies were then bred 


to untreated mates, and at the s 


numerous control matings of the same 
genetic type were carried on for com- 
parison, consisting of untreated males 
crossed by untreated females. Thou- 
sands of cultures were used in this and 
subsequent experiments, in 

pe ssible. to settle the matter bey nd any 
doubt 

The results in these experi sv 

startling and unequivocal 
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large and small, ugly and beautiful, 
burst upon the gaze. Flies with bulging 
eyes or with flat or dented eyes; flies 
with white, purple, yellow or brown 
eyes or with flat or dented eyes; flies 
eurly hair, with ruffled hair, with parted 
hair, with fine and with coarse hair, and 
bald flies; flies with swollen antennae, or 
extra antennae, or legs in place of an- 
tennae; flies with broad wings, with 
narrow wings, with upturned wings, 
with downturned wings, with out- 
stretched wings, with truncated wings, 
with split wings, with spotted wings, 
with bloated wings and with virtually no 
wings at all. Big flies and little ones, 
dark ones and light ones, active and 
sluggish ones, fertile and sterile ones, 
long-lived and short-lived ones. Flies 
that preferred to stay on the ground, 
flies that did not care about the light, 
flies with a mixture of sex characters, 
flies that were especially sensitive to 
warm weather. They were a motley 
throng. What has been done? The 
roots of life—the genes—had indeed 
been struck, and had yielded. 

It must not be supposed that all the 
above types appeared congregated to- 
gether in one family. The vast majority 
of the offspring that hatched still ap- 
peared quite normal, and it was only by 
raking through our thousands of cul- 
tures that all these types were found. 
But what a difference from the normal 
frequency of mutation, which is so pain- 
fully low! By checking up with the 
small numbers of mutants found in the 
numerous untreated or control cultures, 
which were bred in parallel, it was found 
that the heaviest treatment had in- 
creased the frequency of mutation about 
150 times—that is, an increase of 15,000 
per cent. 


VI. SmLariry OF THE X-Ray TO THE 
NATURAL MUTATIONS 


Yet these mutations were obviously of 
the same general nature as the spon- 


taneous mutations that occur without 
X-ray treatment. This was shown by 
the fact that in many cases changes had 
been produced which were undoubtedly 
identical with spontaneous variations 
which had been found in the previous 
history of the Drosophila work; th 
effects in these cases appeared identical 
in every particular, and the method of 
inheritance, the position of the gene e 
cerned in the chromosome, was found t 
be the same. In fact, in the chromosom: 
which has been subjected to the most 
intensive study (the X chromosome), th 
majority of all the well-known mutations 
that had previously been found by th: 
dozen or so active investigators in the 
course of fifteen years now were found 
to have arisen over again in the cultures 
of X-rayed flies here. Besides these 
reappearances there were of course man} 
new types also, more new types than old, 
but it should be remembered in this con 
nection that new types are continually; 
being found, though with far lesser fre- 
quency, in the untreated material also. 
The new types of mutations, like the 
old, conformed in their general expres 
sion and mode of inheritance to certain 
general principles which I have previ- 
ously observed to hold in the case of the 
mutations occurring in untreated mate- 
rial. One of these principles was that 
the great majority of the mutations—of 
X-ray as well as of natural origin—are 
recessive to the normal type, despite the 
presence of a rather small minority of 
dominants. Thus the technique of 
breeding out through a number of gen- 
erations in order to find the mutations 
was found to be justified. And it may 
be remarked here that if human beings 
are affected by X-rays in the same way 
as flies, we can not expect to find much 
evidence of a mutational effect of X-rays 
on them from data derived only from the 
first, or even the first, second and third 
human generations, and such a negative 
result will therefore by no means indi- 
eate a lack of significant genetic effect. 
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The second principle observed was 
that the X-ray mutations, like the nat- 
ural ones, included both inconspicuous as 
well as conspicuous changes, changes of 
slight or almost imperceptible degree as 
well as striking changes of structure or 
quality, and changes that registered 
their effect, so far as could be deter- 
mined, only in slight lowerings of the 
general vitality, as well as those that 
were more graphically describable. If 
anything, the more easily overlooked 
effects were the more frequent. 

A third principle noted was that most 
of the X-ray mutations were in some way 
detrimental to the animal in living its 
life—they were steps in the wrong direc- 
tion in the struggle for existence. This 
finding has already been discussed in the 
ease of the natural mutations, and it has 
been explained that this is just what is 
to be expected, on the whole, of changes 
that occur at random, accidentally, ‘‘by 
chance’’—I care not what term you wish 
to use to describe the idea that they 
oceur without reference to their conse- 
quences, unadaptively, and hence are 
more likely to be ‘‘wrong’’ than ‘‘right’’ 
changes, just because there are more 
wrong roads than right roads to follow, 
and because, as is well known, the right 
road is apt to be the narrower. In the 
ease of the X-ray mutations it is easily 
seen that, if the change occurs as I have 
pictured it, it must occur accidentally, 
without reference to the possible advan- 
tage or disadvantage it would confer, 
since the shooting electrons let loose by 
the X-rays are coursing helter-skelter 
through the cell, quite blindly, and are 
just as apt to hit one gene as another, 
to strike it either on its left or its right 
side, through its heart or its appendix, 
so to speak, and so will cause one change 
or another indiscriminately. We have 
in the X-ray mutations, then, a group of 
variations which seem necessarily to be 
random, and hence would necessarily be 
mostly detrimental. In view of this, it 
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is interesting to compare with them in 
this respect the natural mutations, and 
to note that, so far as our evidence goes 
the natural mutations have, on the ave 
age, every bit as much tendency to bi 
detrimental as the X-ray mutations hav: 
The obvious conclusion is that the nat- 
ural mutations too must be random 
changes, in the same sense that the X-ray 
mutations are. 


As in the studies on natural muta- 
tions, so too among ll rtin ones, 
the great majority were lethal—they 


cept where there was a normal gene from 
the other parent to dominate over the 
lethal and save the fly’s life, so that it 
could be bred and the method of trans 
of the lethal studied Th 


changes in wings, eyes, ete., previously 


mission 


mentioned were only the exceptional 
visible changes, culled fror out 1 a 
great mass of lethals Thus, althoug! 
the great majority of the descendants « 

X-rayed flies that lived looked normal, 
many of them carried, hidden by the 
dominant normal gene, a recessive letha 
gene. And if we count up all these 
lethals we find that the majority of th 
offspring of heavily X-rayed flies are not 
really normal in their genes after all, for 
something over 50 per cent. of them con 
tain some kind of lethal mutation that 
will not work its destruction until a still 
later generation. This too deserves 
being considered in its bearing on X-ray 
effects in the case of human beings 


Now previous studies of Altenburg and 


myself on natural mutations have shown 
that among them too, although the total 
frequency of mutations is so much 
smaller, nevertheless the number of 


lethals is just as large, relatively to the 
number of other, 
which oecur naturally, as it is an 
X-ray mutations. As the let] 
from the others, after all, merely in 
being more detrimental, this result sim 
ply means again that natural mutations 


visible mutations 


mg the 


als differ 
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are just as apt to be very detrimental, 
t.e., lethal, as are X-ray mutations, thus 
confirming what I have called the 
*‘aecidental’’ character of the natural 
mutations. 

The descendants of the X-rayed flies 
have been bred through many subse- 
quent generations. It has been found 
that, where a gene was not caused to mu- 
tate in the first place, it will not show a 
subsequent tendency to mutate, without 
further treatment, 1.e., there is no per- 
ceptible after-effect on the genes that 
escaped an immediate hit. On the other 
hand, those genes that were hit and mu- 
tated now breed true to their new type, 
which in the great majority of cases 
gives evidence of being as stable as the 
original type was before treatment. We 
now have in the laboratory various mu- 
tant races of flies, derived from our 
earlier X-ray experiments, which have 
passed through something like fifty or 
more generations since the time the mu- 
tation took place, and there has been no 
sign in them of any tendency to revert 
back to the originally normal condition. 
They have their own, new norm; they 
are real, new variants. The new forms 
are permanent, in so far as the word 
permanent may be applied legitimately 
to living things. And when crossed to 
other forms, the new differences obey the 
same laws of Mendelian and chromo- 
somal inheritance as do the gene-differ- 
ences existing between natural varieties. 


VII. THe NATURE AND SIGNIFICANCE OF 

THE GENETIC EFFECT OF RADIATION 

It might perhaps be contended in some 
quarters that while the artificial muta- 
tions may be similar in some respects to 
natural ones, and even identical with 
some natural ones, yet they may not be 
similar to those particular natural muta- 
tions which may be termed “‘progres- 


sive’’: the mutant genes resulting from 
which survive, multiply and thus become 
a part of the heritage of an evolving 


species. Such claimants would h 
that the X-ray action is necessarily 
structive, causing only loss and inju y, 
and that thus it can work only harm, 
at least can cause no indefinite amount 
of progress in organization. Such a 
tention would rest upon a misconcepti 
of the action of the X-ray, for it can | 
shown that the speeding electron is 
capable of imparting energy to 
atoms through which it goes, and 
the resulting chemical changes may hy 
of a synthetic character as well as othe 
wise. However, since we can not analyz 
chemically the real nature of the changes 
involved in the production of mutations 
by X-rays, empirical evidence on the 
question at issue is called for, and that is 
what we have been trying to obtain. 

It is evident, as my wife has suggested, 
that if the change induced by X-ray 
from, say, a gene designated as large A, 
to a mutant gene of different composi- 
tion, designated as small a, has really 
involved a destructive process or a loss, 
then the opposite change, from small a 
to large A, must, conversely, involve a 
constructive process or a gain. With 
this question in mind, Professor J. T. 
Patterson and I have been engaged in 
some extensive irradiation experiments 
involving particular characters. The 
character which we have used most is 
the recessive mutant character termed 
‘*forked bristles’ (f), as compared with 
the dominant normal straight bristles 
(F). The evidence is now positive and 
convincing that the X-rays not only in- 
duce the mutation of straight bristles to 
the recessive forked, but also the pre- 
cisely opposite type of change: namely, 
forked bristles to the dominant straight, 
and abundant controls have shown that 
it is really the X-rays which are the in- 
ducing agent. Similar but less exten- 
sive findings have been made in the case 
of the mutant character called ‘‘scute’’ 
and its normal alternative ‘‘non-scute.’’ 
The mutations arising as a result of X- 
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raying are, therefore, not merely de- 


+ 


structive changes, not merely losses. If 
some are losses, others, then, are gains. 
Doubtless, as in the 
ical 
changes involving substitutions 


most chem- 
too 


and re- 


case of 
reactions, most mutations are 
arrangements rather than mere losses or 
gains. 

It should be mentioned that, in addi- 
tion to the changes in individual genes 
which X-rays bring about, they 
cause—with frequency, as 
Altenburg and I have shown—breakages 
of entire 


aiso 
consid: rable 
chromosomes or strings of 
by reattachments of 
different 
chromosome- 


genes, accompanied 
the broken-off fragments to 
chromosomes or to the 
remainder from which they were broken, 
at a different point from before. The 
rearrangements of genes thus resulting 
ean be analyzed by breeding tests, and at 
the same time checked up by studies of 
the chromosomes as seen through the 
microscope—an undertaking which Dr. 
Painter and I have been cooperatively 
engaged upon during the past two years. 
In this way we have obtained light on 
the structure and behavior of the genes 


and chromosomes from a new angle, 


though space does not permit me to 
touch upon these results now. There 


is evidence that such rearrangements of 
chromosome parts, as well as mutations 
in individual genes, have occurred re- 
peatedly during the course of natural 
evolution. 

The question may now be raised: to 
what extent can all these results be re- 


1The production of such changes in chromo- 
some structure by means of X-rays has been 
confirmed by Weinstein and later by Serebrovsky 
by means of breeding tests on Drosophila. By 
means of cytological analysis, Goodspeed and 
Olson have found similar effects in tobacco, and 
so have Blakeslee and his 
Jimson-weed. The work of the present author 
and his colleagues, in studying such changes in 
Drosophila by means of breeding tests and cyto- 
logical analysis combined, 
peated in an elaborate manner by Dobzhansky, 
with results that are for the most part in strik- 
ing agreement with those that had been an- 
nounced by us. 


associates in the 


has recently been re- 





THE METHOD OF EVOLUTION 


garded as mé curiosities: « S 
+iy } te ti y + c 

“ 
ru es 
Ww rr" | 
he 1 — : 
ducing g mu ns in 
were 17 itt fl [ \\ 
stein. W ’ ( l | 
later | $ Har Pa 
Harris, O I t this ] 
more recent by Serel 
colleagues in Russia and by D Mrs 
rimofeéf-Ressovsky in Ber In m} 
own work, the treat ts ¥ 7 
fined to sperm-cells, but w 
plied to the female, ar t wv ind 
that both the mature eggs a t 


ture female germ-cells 

suscept ble to the mutation « T Har 
ris has recently extend ! g to 
the immature germ-cells lt 
male. Patterson has found that the 


early germ-cells of both male and femal 


larvae are likewise susceptible, and a 


the larval somatic cells The latter 
finding, which has recently been an- 
nounced also by Timofeéf-Ressi 


opens up a whole realm of interesting 
possibilities in the production of mutant 
areas of the adult body, derived from 
cells of the treated embryo—such effects 
as might result, for instance, in an in 

vidual 
with 


Casteel has been making an anatomical 


with eyes of different colors, or 


parts of the same eye differe 


analysis of these latter effects through 
; Sia re 
microscopie sections of the ey: Che 


mutations by 


production of 
effect for Droso; hila, 


thus a 


general 


producible in all kinds of e« 
organism. What, now, of the generalit 
of the effect on other organisms? 

I need not, perhaps, remind the gen- 
eral reader of the fact that all the prin- 


— pa 


ciples of heredity so far discovered in 


the fruit-fly- 


the favorite experimenta 


many modern geneticists—have 


object of 
proved applicable to animals and pla 
more to the point to 


in general. It is 
investigators elsewhere, 


mention that 
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working on other organisms, have now 
reported results of the same kind as 
those now in question. Thus, Stadler, at 
the University of Missouri, was inde- 
pendently attempting to induce gene- 
mutations in barley and in corn by 
means of X-rays and radium at the same 
time that I was doing my first experi- 
ments along these lines on flies, and he 
has found indubitable evidence of the 
production of gene-mutations in mono- 
cotyledonous plants by both these means. 
Following my work on flies, Whiting has 
obtained positive results by the use of 
X-rays on wasps. Blakeslee, Buchholtz 
and the others of this group have a mass 
of interesting mutation results from X- 
rays and radium applied to the Jimson- 
weed, Datura, that extended the findings 
concerning lethal as well as visible muta- 
tions to dicotyledonous plants. With 
these so widely separated bits of the 
living world sampled and all responding 
positively,? it is a reckless critic who still 
woul? cast a doubt as to the probable 
gener lity of the phenomenon. 

Radium rays, like X-rays, produce 
mutations, because they too, being short- 

2The work of Little and Bagg on mice 
treated with radium, first announced in 1923, is 
not referred to in the above list, as the results 
were inconclusive, probably on account of the 
very small dosage of X-rays used and the breed- 
ing technique employed. Only 2 kinds of 
‘*mutations’’ demonstrated to be separate were 
found among the descendants of the 12 treated 
parents, and one of these occurred also among 
the descendants of the 5 control parents. Both 
may have been ‘‘latent’’ in the stock be- 
fore treatment. One of these ‘‘mutations’’ 
seemed to have numerous and variable ef- 
fects, dependent perhaps upon various ‘‘ modi- 
fiers’’ hidden in the original stock. It 
should be remembered by the reader in evalu- 
ating these various changes, in kidneys, feet, 
etc., some of which have been described sepa- 
rately, that all of them together are equivalent 
to only one mutation, and that the latter may 
not have been of recent origin. In a repetition 
of this work with dosage similar to that orig- 
inally used, MacDowell and his colleagues have 
found no evidence of the production of muta- 
tions. A stronger treatment, or a more exten- 
sive experiment, might well be necessary before 
the effect could be clearly demonstrated. 


wave-length high-frequency electromag. 
netic waves of great energy content, re- 
lease high-speed electrons, and the cosmic 
rays, which are still more extreme in 
these same respects, and so release elee- 
trons of still higher speed, must neces 
sarily act likewise. For, as Hanson has 
shown in experiments with radium, the 
number of mutations produced depends 
simply on the number of electrons re- 
leased and the speed and distance they 
travel (1.e., on the total energy of ioniza- 
tion) regardless of the source of the 
electrons. Oliver, too, in experiments 
with X-rays in our laboratory, has ob- 
tained evidence that the number of mu- 
tations produced is directly proportional 
to the dosage of radiation used, and 
Stadler’s work points in the same direc- 
tion. This being true, there being no 
evidence of a minimal or ‘‘threshold’’ 
dosage, we are forced to conclude that 
the minute amounts of natural radiation 
present almost everywhere in nature— 
some of it of terrestrial origin, derived 
from the radium and other radioactive 
substances in earth, water and air, and 
a smaller part of it of cosmic origin, ap- 
parently derived from the diffuse and 
distant factories of matter—all this 
natural radiation must be producing 
some mutations in the living things on 
the earth. These mutations must be 
very scattered and very infrequent in 
proportion to the total non-mutated 
population, just because the amount of 
natural short-wave-length radiation is 
very small at any one place, but, con- 
sidering the extent of the earth and the 
multiplicity of living things, the total 
number of mutations so produced per 
year must be very considerable. It can, 
therefore, scarcely be denied that in this 
factor we have found at least one of the 
natural causes of mutation, and hence 
of evolution. 

How important is this cause rela- 
tively? Is it the sole cause of evolution? 
We do not yet know. Returning to the 
investigation of the possible effectiveness 


























of poisons and other influences than X- 
rays, I have, during the past two years, 
tried out a number of drastic treatments, 
using a refined genetic technique similar 
to that in the X-ray experiments, which 
would have allowed of the detection of 


and other mutations with far 
greater ease, and therefore in greater 
abundance, than in the inconclusive ex- 
periments of the past. Included among 
the treatments were heavy doses of man- 


lethals 


ganese and of lead salts, which had been 
claimed by J. W. H. Harrison 
basis of what appeared to me genetically 
to produce visible 
mutations in butterflies. There was also 
included a repetition of the experiments 
recently reported by Morgan, Sturtevant 
and Bridges, who suspected that they 
had been able to cause visible mutations 
in the germ-cells of red-eyed flies by in- 
juring their eyes with a hot needle, an 
operation which was followed by a re- 
lease of the optic pigment and its distri- 
bution throughout the body. But our 
trials of all these and various other agen- 
cies have given negative results, and it 
is becoming a question where to stop. 
On the other hand, it seems to be true 
that other conditions, internal and per- 
haps also external, accompanying an X- 
ray treatment, affect the 
sensitivity of the cells to that treatment. 
Thus Stadler finds that the sprouting 
cells of seedlings have mutations pro- 
duced in them in much greater abun- 
danee, by a given dose of X-rays, than 
do the dormant cells of though 
some mutations are produced in both.‘ 
Yet in the ease of flies both Hanson and 
Harris, working independently, find that 
the growing immature 
8 They announce that they have recently been 
elaborating upon this work by similer tests on 
flies with other eye colors, and by artificial in- 


(on the 


unconvincing data) 


can somehow 


seeds. 


genes of male 


jection of substances derived from 

It is probable that a part, 
apparent differences are due ) 
lower multiplication rate on the part of most 
mutated immature germ-cells, as compared with 
the non-mutated ones. 


the eye. 
at least, of these 


to a relatively 
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germ-cells are far less sensitive to the 


nutating effect of radium or X-rays 
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than are the dormant genes in matu 
spermatozoa.* I find that the ger 
the sperm 7 the adult mal ; 
} ] 
aiso more sens ‘ T in T QS 
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verm-ce SO } é OT t} n ti S i! 
the verm-celis tie rvai n e.4 Chere 

eats ee f a fen *haks 
seems tO D evel re ¢ rence 1n nelt 
sensitivity to the or earranging effect 
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and matinee tha fen . hed « ner. 
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ceptible influences n my el Ss 


and, as both Stadler and I have found 
independently on barley and flies re- 
spectively, extremes of heat r cold ary 
plied at the time of treatment have htt 


or no effect. 
Thus the study of the physiology of 
mutation-production is opening up, 


though as yet in a 


very empirical srage, 


And meanwhile, X-rays and their rela- 
tives remain the only prime cause of 
mutations yet known. Whether radia- 
tion furnishes the exclusive motive 
power ol volution can eventual! y be 
ascertained definitely, through pains- 
taking quantitative determinat 4 
es exXISting tne 


the mutation frequenci 


pres nce 


of radiation. As stated in some pre 1S 
publications from our laborato1 we 
have experiments projected wl we be 
lieve will test this question in flies 
Since, wever, mutations in general 
bear all the earmarks of the X-ray muta- 
tions, then, even if not all of them have 


produced by radiation, it 


actually been 


seems legitimat. 


to use the readily ob- 
tainable X-ray (radium, ete.) mutations 
as the handle by which to study them. 
These X-ray mutations are certainly 
accidental, being produced by ultra- 
microscopic events, not individually con- 
trollable, that place without 


ence to the outcome or the advantage 


reter- 


for 


L- 
take 
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the organism. The natural mutations— 
some of which we know must be due to 
radiation—are on the average equally as 
detrimental, and of the same general 
nature, so far as their effects are con- 
cerned, as the X-ray mutations. Can we 
then escape the conclusion that they are 
accidental in the same sense, and that 
specific mutations are therefore not dic- 
tated by any ‘‘adaptive reactions’’ or 
other specific responses of the organism 
to climate or to any other features of its 
mode of life? 

Due, then, to the tremendously magni- 
fied effect which one tiny gene can 
produce through the processes of growth 
and development, we have a molar inde- 
terminism, in the origination of genetic 
variations, resulting from an ultramicro- 
scopic determinism. (We will not quar- 
rel here about whether or not a Heisen- 
bergian ‘‘principle of uncertainty’’ lies 
beneath the latter in turn.) But now 
‘‘natural selection’’ sets to work, weed- 
ing out the many disadvantageous mu- 
tants here, allowing the multiplication 
of a few advantageous mutants there, 
unti! again from all the maze of variants 
we have organization returning, advanc- 
ing, and so, as a statistical consequence, 
there results a kind of higher molar de- 
terminism, finally governing many fea- 
tures of the actua! evolution of the spe- 
cies. Thus we are sometimes furnished 
with such regular sequences of forms as 
seen in the gradual modification of the 
horse’s foot, or in the shells of some 
mollusks, where a knowledge of one part 
of the series enables us pretty closely to 
compute the rest. 


THE ROLE or MULTIPLICATION 
AND OF SELECTION IN TURNING 
ACCIDENT INTO ORDER 


VIII. 


It does, at first sight, seem incredible 
that all the marvelous organizations in 
the living things about us could have 
been put together by anything partaking 
of the nature of accident. 


But we must 
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) 


remember that it did not fall toget] 
all at once, and that it was all mad 
sible by that almost magical proper 
which life owes to the gene—the 
of multiplication of mutated indivi 
For many 
chemical forces must have acted and 
teracted in early times to build u; 
different and more complicated org 
compounds and systems of compour 
A turning-point was reached when fr 
these shifting combinations those s 
multiplying yet mutable materials wh 


millions of 


: 
years, | 
: 





we call genes happened to bee 
formed. From that time on the dif 


ent genes, or the little systems of org 
matter containing an 
genes, would necessarily enter into a 
structive competition for multiplicat 
against each other, until, step by st 
through mutation, or the alteration 
the gene, and heredity, or the multip! 
tion of the gene, the complicated lif 
the present day became differentiated. i 
It will be worth our while now to e: 
amine more closely just how it is real! 
the peculiar power of multiplication 
mutant forms which turns this trick of 
converting accident into order, by mal 
ing such very extraordinary combin: 
tions of accidents possible as could not 
otherwise occur. For some reason, this 
fundamental feature of the matter does 
not seem to have been fully realized. 
In examining the process of evolution, 
let us be content at first to make our 
ease a very simple one, and to proceed 
for a while in a very elementary fashion, 
in order to avoid confusion. Let us first 
see how just a simple combination of 
advantageous changes, or mutations, 
may be obtained in an organism. Sup- 
pose we start with some extremely simp| 
organism, represented by the straight 
vertical line at the top of Diagram I 
We will now allow it to reproduce, and 
allow enough time to elapse so that some 
mutations or other will have appeared in 
each of its descendants (they need not be 


association 
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regarded as first-generation offspring). tion. lettered from a. to g Among 
In our diagram these descendants ar these si id mutations we may ag 
shown as vertical lines placed in a hori- suppose that o1 ne of the 


zontal row just below the vertical line is ‘‘good,’’ the combination in w y 


+ 
f. 
4 


representing the ancestral individ 
their derivation from which is indicated _ in one individu f two good mutations, 
by dotted connecting lines. We may g, and g,, which supposedly have prop- 
suppose that multiplication has brought erties that ‘‘fit well together,’’ interact- 
about the existence of seven of these ing so as to work out advantageously in 
descendants, each with a_ different combinat 

‘ehance’’ mutation, indicated by a dif- Some 01 f the other individuals of 


ferently shaped spot, and lettered from the previous generation, bearing muta 


a, to g,. g, may be taken to represent tions a, to f,, may also have multiplied. 
the ‘‘good’’ mutation—the one of an Whether or not they did would not affect 
advantageous nature, which is in the our desired result—the attainment of the 
path of progress, that happened to occur’ g, g, combination—at all, provided only 
amongst all the others of a disadvan- that the g, individual itself had been 
tageous or neutral kind. Now allow a able to multiply and mutate as indi- 
similar length of time to elapse again, cated. If all the indivis f the pre- 
in which multiplication and chance mu-_ vious generation had mult | to jus 
tations take place much as before. The the same extent as the one having g, 
individual with the ‘‘good’’ mutation, did, there would obviously have been 
g,, thus multiplies to form seven again, 7x7, or 7%, or 49, individuals formed 
ach carrying g, (i.e., the multiplication bearing some combination of mutations, 
has involved the variation itself), but, in and of these forty-nine « 
addition to g,, each of the individuals nations just one would be the ‘‘good 
carrying it now carries a second muta- combination—g, g,. Accordingly, with- 


DIAGRAM I 


TO ILLUSTRATE THE ROLE OF MULTIPLICATION IN ALLOWIN IGINATION F A BENEFICIAL 
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out any ‘‘natural selection’’ or any dif- 
ference whatever in multiplication rate 
occurring, there would be one individual 
in forty-nine having the ‘‘good’’ com- 
bination. In still other words, the 
‘*echance’’ of the good combination being 
present in any particular one of these 
final individuals, in the absence of natu- 
ral selection, would have been 1/49. It 
is to be further observed that, no matter 
how few or how many of the above 
forty-nine individuals were actually pro- 
duced, the ancestors of the g, g, indi- 
vidual (namely, the g,-bearing individ- 
ual and its predecessor, the simple line) 
had multiplied at the rate required for 
doing their share in the production of 
these hypothetical forty-nine individuals. 

We may now consider what would 
happen in the case of some kind of crea- 
tures, or objects, which did not have the 
power of multiplication, but which were 
otherwise similar to the organisms just 
discussed, and like them could mutate 
(or in this ease we should simply say, 
‘‘change’’). We may suppose either 
that these beings produce just one off- 
spring and then themselves die, or that 
they are potentially immortal and 
change directly from one form into an- 
other. In either case, if their ‘‘muta- 
tional’’ possibilities are the same as those 
of the multiplying organisms previously 
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considered, then we should have to start 
with seven of them (represented by the 
seven straight lines at the bottom of 
Diagram II) to get one having a chang 
equivalent to g,. But we should have 
to be provided with seven already bear- 


ing g, in order to obtain one having g, 
in addition to g,. Since in the first 


place only one in seven come to have g 
(or its equivalent), we should have 
start with 7x7, or 7?, or 49, in order to 
get the required seven having g, (or its 
equivalent) which would in turn yield 
the one finally having both g, and g, 
(or their equivalents). This indi- 
eated in the diagram. (Here, for con 
venience in examining the diagram, simi- 
lar types are grouped together, although 
chance would scatter them indiscrimi- 
nately. Also, all forms of “ 
lent’’ type are represented as though 
identical. ) 

On comparing these non-multiplying 
objects with the multiplying ones we 
then see that, to get a given kind of com- 
bination by means of a given incidence 
of ‘‘mutation,’’ we have to start with 
just as many, in the case of the non- 
multiplying objects, as, in the case of the 
others, would have been produced in the 
end by the entire process of multiplica- 
tion, if all individuals had multiplied at 
the rate at which the selected individuals 


is 


equiva- 


DIAGRAM II 
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TO ILLUSTRATE THE MANNER IN WHICH A BENEFICIAL COMBINATION OF VARIATIONS (g.22) MIGHT 
ARISE IF THERE WERE NO MULTIPLICATION, AND THE NUMBERS WHICH WOULD THEN BE NECESSARY. 














One out of this total number hence 


did. 


represents the ‘‘chance’’ that our de- 
sired combination could have come about 
purely fortuitously in any particular in- 
dividual at the end of the given lapse of 
time, no matter whether the individuals 
were of the multiplying kind or not. By 


the laws of chance, if only a few times 


this total number are given, this combi- 


nation, or one equivalent to it in ‘‘excel- 
lence,’’ is practically certain, under the 
conditions postulated, to be present in 
one or more individuals. 

Organisms, however, represent many 
more than two advantageous features in 
combination. By the same reasoning as 
the above, we may find the chance of ob- 
taining a combination of three features 
—g, g@ g,. We may assume again that 
the g, change is in itself, at its time of 
about as rare as either g, 
namely, of the fre- 
quency of 1 in 7. It will then be seen 
that the g, g, individual must be al- 
lowea to go through a period (the third 
period) of mutation and of multiplica- 


occurrence, 


or g, alone was: 


tion times 7, whereupon g, g, g; will 
arise. Further, it is evident that the 


rate of multiplication of the individuals 
in the line of descent that gave rise to 
the g, g, g,-bearing individual was such 
as to have given rise to 7x 7x7, or 7?, 
or 343 individuals, after this lapse of 
time, only if all descendants of these an- 
eestors had multiplied at the same rate 
as they themselves had. In the case of 
non-multiplying objects, it would have 
been necessary to start with 7°, or 343 
individuals, in order to get a correspond- 
ing result—an individual with a rare 
combination of three advantageous 
mutually adjusted characters, g, g, g;.- 
Generalizing, we may say that if the fre- 
quency of an advantageous mutation 
were 1 in r instead of 1 in 7, and the 
number of steps involved was s instead 
of 3, the corresponding total number of 
individuals would be r*. All this is, in 
fact, only a simple application of a well- 
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known and very elementary t 
ileal principl vying to the ft n 
of random < ! S in gen 

It is not, however, until w y this 
litt ( lo! | » I natu il Ss 
pertaining » immediate problem 
that its fu S nes is be 1eS 
clear What s we take as our ‘‘r’”’ 
(the rarity eous, or ‘‘organ! 
Zat onal’ ] ns 1 W T S OUI 
err he 1 I f su } ivantagveous 
mutational S § 

Undoubtedly r changes its value radi 
cally at different stages in the evolu- 
tional S bu t iid seem 
quite conservative to represent r, in gen 
eral, as being as small! as 100 In other 
words, it seems likely that at least 100 
mutations must usually occur before one 
occurs of such a special type that it 


could take part in the impr 


the life-organization. In _ flies Dre 
sophila) we find that there are some 
thing like ten times as many ‘‘lethal’’ 


and ‘‘semi-lethal’’ as ordinary visible 


mutations, and even among the 
bles,’’ the 


vast majority reduce vitality 


or lessen the chances of survival in one 
or more ways. It is certain that not 1 
in 100 detectable mutations is advan 


tageous in flies; in fact, for all we 


the number may be more like 1 in 
100,000. 

In the case of s there are almost 
equally wide limits of uncertainty, but 
again we may arrive at a safe mini- 
mum figure. In flies I have shown that 


there are at least 1,500 different 


genes, 


and probably many times that number. 


There must then have been at least 1,500 
different mutations to produce thes: 
genes from their predecessors This 


figure, however, seems absurdly small in 
view of the great complicati nota fl 's 
anatomy, physiology and developmental 
processes It is very likely, ft 1, that 


there are many more genes than 1.500 
and that each gene has had a history of 
numerous mutations, which step by step 
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have differentiated it from one original 
type of gene. Considering too that man 
is certainly much more complicated than 
a fly, we might boldly guess that there 
may have been a million or more advan- 
tageous mutational steps in his ancestry 
(this would allow, say, 50,000 genes, in 
each of which, on the average, 20 muta- 
tional changes had occurred). Let us 
first, however, take s, for man, at the 
undoubtedly far too low minimum value 
of 1,500, and r at 100. 

Our total number, r’, thus becomes 
(100)? That then is the minimum 
number of individuals we should have to 
start with, in the case of non-multiplying 
objects, to arrive, by ‘‘pure chance,’’ at 
one having the complication and perfec- 
tion of organization of aman. We shall 
examine later what the size of this num- 
ber implies. It is also the minimum 
number which the multiplication rate of 
the ancestors of man would have led to, 
if all the descendants of these ancestors 
had continued multiplying at this same 
rate, i.e., without selection. 

It might here be inquired whether 
such a rate of multiplication would have 
been possible or likely to oceur in these 
ancestors, in the time during which life 
has existed on the earth. We know that 
life has been here for a period having an 
order of magnitude of something like a 
thousand million years, that is, a million 
mitiennia. If there were only 1,500 mu- 
tational steps in this time, that would 
make only one step in each 670,000 years, 
Our postulate, r=100, requires that an 
individual in the line of descent of man 
should multiply at least a hundredfold 
between each advantageous mutational 
step that became incorporated in the 
germ-plasm, and the next one. It is ob- 
vious that far more than this much mul- 
tiplication could easily happen in 670,000 
years. For it only takes seven doublings 
to make a hundredfold multiplication, 
and the slow-breeding modern European 
has been able to double his population 


merely in the space of the last century. 
The multiplication organisms, then, 
would have no difficulty in fulfilling 
these conditions. 

Suppose, now, we try the more extreme 
figures, r=10,000 and s=1,000,000, so 
that r* becomes (10,000)?°°°°°9, To a 
through a million mutational steps in the 
course of a million millennia would re 
quire one mutation to become incor) 
rated in each millennium, or thousand 
years. It would also be necessary for 
the selected type of mutant to multip): 
by 10,000 during this period of time, and 
meanwhile to undergo another mutat 
There can be no reasonable doubt that a 
millennium is plenty long enough for 
many another mutation to occur, in al! 
the descendant germ-plasms, but how 
about the large amount of multiplication 
here required? Most lower organisms 
go through a generation in not over a 
year’s time, and are able, when given the 
opportunity, to multiply many fold in a 
single generation. If, however, we sup- 
pose that the ‘‘select’’ individuals, those 
with ‘‘good’’ mutations, only increase in 
numbers, on an average, by 2 per cent. 
in each generation, then, at a year to a 
generation, each such individual would 
increase from unity to nearly two hun- 
dred million in the course of a thousand 
years. This is far beyond our require- 
ment of 10,000 times. Thus we see that 
the multiplying organism could probably 
do much better than accumulate 1,000,- 
000 mutations during the time that life 
has already existed here, even though 
each mutation represented the selection 
of the best in 10,000.° Multiplication 


5 A 1 per cent. increase, per generation, would 
give a multiplication of about 14,000 times in 


a thousand vears. 
6 Allowance must, however, be made for the 


fact that accidental elimination wipes out the 
great majority of mutant genes within a few 
generations after their originatior That 1s, 
the process of ‘‘differential multiplication’’ or 
‘“selection’’ is very haphazard until a sizeable 


number of individuals with the mutant 
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hence has probably afforded the oppor- tion merely gives 
tunity of obtaining an individual that multiplication 
represents a chance of even less than one tive or | 
in (10,000)°"" ; rate as wou 

It should be noticed that, for the evo- throughout. ha n 





lution of the multiplying organisms, the aytomatically « ns the 
only two required conditions have been ¢gmhpj 
the occurrence of ‘‘chanece’’ mutations If we image a world 1? W 
which need include only a very minute throyeh s : . 
proportion of “‘good’’ ones), and the  yention, th " 
ability of the individuals carrying these 4a)! the “‘ynf 
‘‘good’’ mutations to multiply to an ex- cig and 1 ' , 
tent which, within the limits of one gen-  .. ,) 43, :, 
. 1Li0N O it l r . 
eration, need be only extremely limited, ,, "A 
3 ‘ 4 Weed lu as 1n i 
but which, continued over a great lapse ) 
of time by something akin to a geometric ,.- 
ys es tunity to multiply as 
progression, because prodigious indeed. j»  *,, * 
had ‘at Thus ‘‘natural selection’’ wou 
In this process the role of ‘‘natural se- 
a al ol , — ss ; necessary ior the roduction. ut 
lection’’ consists in just this: that by the Stan 
as , . ‘6 C499: _ ’ these ‘‘fit r ' well-orga 
elimination of the ‘‘unfit’’ individuals, 
; ter er , . ' uals, and lines of individua 
or the restriction of their numbers, room ak , 
. . as . . absolute numbers as num l 
is made to allow the multiplication of the 3 ; a ; 
. ; woul essarily form but 
others at the rate required to provide weer ' 
‘ ee . . a] reg et i , not s« +} nt " 
the ‘‘chance’’ for the remarkable 1 in ™4 ‘raction of all the unthi 
(100) or 1 in (10,000) eombi- horde of other combinations 
nation to appear. In other words, selece- CMe Into existence simultancou ju 
: ; ; as in the hypothetica ist 
pens to become established. This is, of . he * . 
course, very much more true in the case of re. Multiplying beings, In whi 
essive mutants than of dominants, unless there started with this same fina 
is very much inbreeding. One effect of this begin with, we would eventu 
would | ) weight the scales of selection ‘ ’ 
; " . 5" : cluded among em by shee! 
eavily in favor of dominants, leaving the re- ; 
cessives as the ‘‘abnormal’’ forms creatures aS complexXiy adapted as il 
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in 





the selves). The fact that the fit ow 
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maybe many more, possible combinations 
of misfits. 

A little consideration may now be 
given to the size of this theoretical total 
number, to show that actually it would 
be quite impossible of physical attain- 
ment. Consequently, if there were no 
selective elimination, multiplication 
could not possibly have gone on to any- 
thing like the required extent in the 
‘‘good’’ lines. Likewise, if we had had 
to do with objects that could not multi- 
ply, there could not possibly have been 
anywhere near enough of them pro- 
vided in the beginning to allow an 
organization comparable with that of a 
higher or even lower organism to be 
formed in any of them by mere 
**chance.”’ 

Even the admittedly far too low mini- 
mum figure, (100)'5°, is of stagger- 
ingly great dimensions. If there were 
this many beings actually produced, 
then, even if each being were as smal! as 
an electron, and all the beings were 
packed tight together, there would not 
be nearly enough room in the entire 
Einsteinian universe, packing them in a 
hundred times beyond the limits of the 
farthest visible stars and spiral nebulae, 
for even an insignificant tittle of them. 
If we allowed each of these packed 
‘‘ereatures’’ to go through its entire 
evolution, of 1,500 steps, in the millionth 
part of a second, and then substituted 
anuther ‘‘creature’’ for it and gave the 
latter a like chance, and so on for a quin- 
tillion years, we still should not have 
begun to make any appreciable impres- 
sion on the above number. Neither 
should we if, in addition, each of these 
packed beings of electron size, present 
for each instant, were itself expanded 
inte an entire Einsteinian universe, and 
each of these universes were then 
crammed with beings of electron size in 
its turn. In fact, we might continue 


thus expanding and subdividing worlds 
time and again without approaching sen- 
sibly close to the required figure. 
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Hence, in beings without the property 
of multiplication of variations, and 
corollary, natural selection, any su 
incredible combination of 
ourselves would have been totally im; 
sible of occurrence within the limits 
practically any number of univers 
We are thus really justified in fe 
that we could not have fallen together 
by any accident of inanimate natur 
But, given the power of multiplicatior 
of variations resident in 
things, due to their genes, and all this is 
changed, and we are enabled to enjoy) 
the benefits—such as they may be—oi 
being the select of the select, such as 
would have taken a surpassingly vast 
number of worlds to search throug! 
before our match could be found any 
where by the ordinary processes of 
chance. In that way, I hope, the meta- 
physician may reach his ‘‘ philosophical 
satisfaction’’ in the contemplation of his 
own frame and of the processes whereby 
it came into existence. 


accidents 


‘living’ 








IX. THe Task AHEAD 


The biologist is not satisfied to stop 
there, however. The real problems of 
the generation of new living things are 
only commencing to open up. The oc 
currence of variations, although ‘‘acci- 
dental’’ in the sense just explained, 
nevertheless is subject to a mechanism, 
our knowledge of which is as yet in its 
most elementary stage. Moreover, the 
biologist of broader view is not so well 
satisfied with his own frame. He knows 
that there never has been any one objec- 
tive in the course of evolution, and that 
every creature, including man, is only 
on probation, and may give way before 
another in which a more advantageous 
succession of mutations happens to 
come along. The vast majority of 
species, in fact, have perished along the 
way, and only a relatively few survive, 
through change, to form the continuing 
threads of life that branch out again. 











Man, however, is now the first 
his 


+ 
advantage—he has reached some under- 


ereature in the world to have 


standing of this process of evolution in 
which he has hitherto been caught and 
blown about, and with understanding 
there frequently comes some measure of 
control. He can now produce mutations 
for the first time, and I have no doubt 
he will soon experiment with this knowl- 
edge and in time by its means greatly 
improve and alter the forms and fune- 
tionings of those domestic animals and 
plants which he has taken under his 
eare. Look at the motley shapes of flies 
that have been made in the laboratory, 
and you may more readily appreciate 
the possibilities thus presented. 

Despite these advantages, we are to- 
day almost as far as ever from produc- 
ing to order the exact mutations which 
we want. Enough, for the plants and 
animals, simply to produce a great many 
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BRIDGMAN’S NEW VISION OF SCIENCE 


By Professor ALBERT P. WEISS 


OHIO STATE UNIVERSITY 


Ir is time to inspect critically the 
exact significance of the claims that the 
recent developments in subatomic phys- 
ics will make it necessary to revise the 
fundamental assumptions underlying 
science, especially biology, psychology 
and the social sciences. In the March, 
1929, issue of Harper’s Magazine, Pro- 
fessor P. W. Bridgman reviews some of 
the recent developments in physics and 
indicates that Newtonian physics has 
‘*presented to the mind a sublime pic- 
ture of the interrelatedness of all things; 
all things are subject to law, and the 
universe is in this respect a unit.’” 
This picture he believes must be ex- 
changed for one which shows that 
‘‘nature is intrinsically and in its ele- 
ments neither understandable nor sub- 
ject to law.’” 

When the social scientist or psycholo- 
gist tallies off the achievements in phys- 
ics, chemistry, biology, medicine, during 
the last one hundred years and is then 
told that this development or evolution 
is based upon illusion one may wonder 
whether it is not the physicist who has 
the illusion. The social sciences are 
undoubtedly swinging towards the meth- 
ods of classical physics as supplemented 
by the recent developments in statistical 
theory. Before trying to shift to the 
principles implied in the newer sub- 
atomie physics it may be well to seru- 
tinize the behavior of the physicist 
himself and learn to what extent his 
discoveries are the product of his own 
past behavior and the cumulative effects 
of the social organization of which he is 
a part. 

It may be that the physicist is over- 
estimating his ability as a psychologist. 

IP, 443. 
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From the standpoint of physical chang 
law and order do not exist in the ext 
nal world. Things only happen, either 
together or one after another. It is 
individual who designates the events as 
orderly or disorderly. The fact that th 
physicist has excluded from his r 
searches most of the things that are not 
uniform has blinded him to the fact t] 
this is after all a very irregular universe 
even in its superatomic manifestations 
If there is anything less ‘‘understand- 
able’’ than large-scale social interaction, 
it remains to be discovered. Compared 
with international movements the con- 
vulsive jerks of electrons are simplicity 
itself. 

The development of natural science in 
the past was largely a matter of extend 
ing the range of the sense organs through 
microscope, telescope, audion tube, ete 
As long as the sensory limit is above 
that of the cells out of which the sens 
organs themselves are made, it is pos 
sible for the sensorimotor system of t 
individual to react to some aggregates of 
electrons and protons (in the environ 
ment) through other aggregates of elec- 
trons and protons (in the sensitive cells 
of the eyes). 

Now, however, the observational range 
has reached a degree of magnification 
where the physicist must use one electron 
to observe the movements of another 
electron. The term observe actual 
means to react to (a bodily movement 
of some sort). The simplest recording 


reaction (pointer reading, verbal 01 


x 


written report, ete.) involves billions of 
electrons and protons, and it should 
therefore not surprise us that the hom: 
life of an electron is still rather obscurt 
Experimentally we have the problem 

detecting an energy relationship between 
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two electrons as a function of the energy 


relationship between billions of atoms 
our sensorimotor system). It may be 
that we have actually reach 
mental limits, but the astounding thing 
s that we have achieved so much. In- 
stead of saying that ‘‘nature is neither 
understandable nor su 
would it not be clearer, although less 
dramatic, merely to admit that the hu- 
man mechanism is approaching the ex- 

t of discrimination and 
that no theory has yet been formulated 


which may be used as an extension or 


erimental limi 


4 } . ? 
substitute, for the direct experimental 


reactions of the physicist. 

Professor Bridgman supports his 
thesis of ‘‘non-understandability’’ from 
an illustration taken from classical me- 


An expert billiard player can, by proper 


pulation of the cue ball, make the two balls 
I ind from the collision as he wishes; this 
lves the ability to predict how the balls will 
ve after collision from their behavior before 
llision. We should expect by analogy to be 
ble to do the same thing for a collision be- 
twe a | et of radiat 1 an electro but 
the fact is that it never has been done and, if 
our present theories are correct, in the nature 
of things never can be done. It is true that 
if some one wil! tell me how the electron 
bounces away, I can tell, on the 
equations given by Compton’s tl y 
I t of radiation bounces away, or 
but no one has ever evi en able to 
both will bounce away. Billiards, pl 
balls like this, even by a player of infinite 





would degenerate into a game of pure 


The very obvious answer to this prob- 
lem is that under the conditions given, 
no billiard player at all could be devel- 
oped. To develop infinite skill in billiard 
playing the player must be able to see 
all the balls that are involved in the 
interaction. Suppose he is obliged to 
play with balls of such a nature that as 


} 


soon as two balls collide, one of them 


immediately becomes forever invisible 


Certainly such a game is one of pure 
chance, but it is not billiards. Yet this 
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unsuspected way. There is no limit to the ac- 
curacy with which we can describe (or measure) 
any one quality in a physical situation, but if 
we elect to measure one thing accurately we pay 
a price in our inability to measure some other 
thing accurately. ... The meaning of the fact 
that it is impossible to measure exactly both the 
position and velocity of the electron may be 
paradoxically stated to be that an electron can 
not have both position and velocity.5 

Is not the paradox ‘‘that an electron 
can not have both position and velocity’’ 
merely a verbal paradox? Electrons 
move even though the characteristics of 
their movements can not yet be formu- 
lated by some physicist. All that is 
scientifically justified is the statement 
that the position and velocity of an elec- 
tron can not both be measured at the 
same time. This, however, is only an 
experimental limitation (perhaps a per- 
manent one) because our present meth- 
ods of measurement distort one of the 
variables we are measuring. This occurs 
very frequently in psychology. If we 
wish to learn how rapidly an individual 
can press a key after a sound signal is 
given, the mere fact that we have mea- 
sured the so-called reaction time changes 
the rate of the subsequent reactions. 
But the psychologist does not conclude 
from this that a person has no reaction 
time or that measuring the reaction time 
is ‘‘meaningless.’” He merely reports 
the conditions under which the reaction 
times were measured and their degree of 
variability. In biological, psychological 
and social measurements the experimen- 
tal conditions under which the measure- 
ments are made often distort the mea- 
surements. 

Bridgman frequently makes use of the 
term ‘‘meaningless’’ in a way that is 
bewildering to a critical reader. To 
quote directly: 

A body has position only in so far as its posi- 
tion can be measured; if its position can not in 
principle be measured, the concept of position 
applied to the body is meaningless, or in other 
words, a position of the body does not exist. 


5P. 446. 


Hence if both the position and the velocity of 
the electron can not in principle be measur 
the electron can not have both position 
velocity; position and vel 
properties which an electron can simultan¢ 


city as expressions 


have are meaningless. 


sé 


Instead of saying ‘‘a position of 
body does not exist’’ the only scient 
statement that is warranted is the « 
already made, viz., ‘‘its position can 1 
in principle be measured.’’ Again t 
is no justification for affirming that 
fore a body can exist it is necessary 
some physicist to formulate its posit 
The ‘‘hence’’ clause only means that 
the measurement of the position 
electron is dependent on light darts 
may be forever impossible to formu 
its position at some specified instant 
cause the only way we now have of m 
suring the position of an electron 
through the indirect action of light darts 
on the sensitive structures in the reti: 
of the eye. 

There is nothing meaningless about 
this. It is merely the statement of : 
experimental limitation. Such limita 
tions are so frequent in the biological 
and social sciences that they are regard 
as a matter of course. However, it does 
not follow from this that the experimen- 
tal method must be abandoned. In fa 
very few physicists have themselves been 
influenced by the limitations. There 
seems to be no marked decrease in phys 
ical experimentation, and the experi- 
menters are not relying on any ‘‘prin- 
ciple of uncertainty’’ in preparing their 
set-ups. 

One of the statements which Professor 
Bridgman makes does represent a chang 
in the point of view of the physicist 
which is very significant, at least for the 
psychologist. He states, ‘‘The physica! 
properties of the electron are not abs 
lutely inherent in it, but involve the 
choice of the observer.’’’ This intro 
duces an individual and a social com- 

6P. 446. 
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ponent into theoretical physies which has 
The term phys- 


been too long ignored. 
ical properties is acquired by the physi- 
cist during his lifetime and through his 
social interactions with other individuals 
The phys- 


ical properties which are assigned to an 


(teachers, colleagues, etc.). 


electron depend on the physical (anatom- 
ical and physiological ) properties of the 
He can not assign properties 
that do not act upon his sense organs. 
This means that limitation of the 
physicist’s definition of an electron is 


physicist. 


one 


determined by his own sensorimotor 
structure and function. In this sense 
the electron is the verbal invention of 


some physicist. This symbolism may 
then be adopted by other physicists. 

This brings us into psychology. If 
the electron an invention (a verbal 
formulation of a hypothetical structure 
of how did it come to be 
adopted by other physicists? The psy- 
chologist would say that the verbal for- 
mulation (symbol) may act as a stimulus 
for other physicists so as to make it pos- 
sible them to continue 
behavior which has been hampered be- 
cause of theoretical limitations, From 
this standpoint ‘‘an electron’’ is only 
the name for verbal statements which 
stimulate physicists to renewed activity 
within the sphere of their vocation or 
profession. In the social organization 
such activity will survive over those 
stimulating conditions (an inadequate 
theory) which lead to inaction. In gen- 
eral, research activity produces better 
conditions for the survival of the mem- 
bers of a social organization. In addi- 
tion to the biosocial advantages of such 
an invention, subsequent experimenta- 
tion may actually lead to a verification 
of the hypothesis. 

The fruitfulness of a purely verbal 
formulation of a hypothetical principle 
is well illustrated by the physicist’s 
ether. Most physicists are agreed that 
the concept of the ether is about one of 


is 
some sort) 


for research 


‘ 
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the most contradict ry concepts m 

ie standpoint of logic that has ev 
been forr ted. But this did not pre 
vent its use in theoretical physics. If 
the si il character or sclent ( b nay 4 
is recognized then the ether hypothesis 
was only a verbal stimulus for ac 
research in physics) which was han 
pered without t hypothesis 

Another way in wil Bridgman’s 

choice ¢ the observer enters into 
| s theory is throug! mplieit 
assumption that a verbal formulatio 
must have a fundamental ‘‘r t back 
( l opec fically do ¢ I S nd 
protons have properties other thos 

signed to them by some physicist? If 
we accept the verbal or social I er 
of the electron hypothesis se it 
elements the electrons and pr ! 
have only those properties that S- 
signed to them However. ther nvs 
cists may find one man’s hypothesis of 
greater utility by adding to or subtract 
ing from the assigned properties f 
the experimental results (Eddington’s 
pointer readings) that are si d with 
a given hypothesis are nearly en 
for all physicists, one way of expressing 
a high degree of uniformity among t 
physicists is by classifying the hypothet 
ical properties as ‘‘real’’ properties 
However, it should be clear that the term 
‘‘real’’ is only a name which in ites 
the degree of uniformity in the br r 
of the physic sts (not in the pri rties 
of the electrons It would bi rer, 
however, not to use the tern real t 
all, but merely indicate numer y the 
averages and deviations of the experi 
mental findings (that is, the pointe: 
readings 

This probl m often manifests itself in 
a more popular form. If the tron 
and proton are merely verbal formula 
tions (symbols) invented by some phys 
cist, were there any electrons before they 


were 
that 


? The obvior 


electron is a verbal 


is a 


invented 


since the 


nswer 18 
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tion, the invention did not exist before 
it was invented. And if it is asked, has 
the composition of matter changed since 
electrons and protons were invented, the 
answer is that it has not. However, the 
reactions to matter have 
changed very much. Some physicists 
are now reacting to what at one time 
was called matter in a different way 
(performing entirely different experi- 
ments) than they did fifty years ago. 
It is the physicists who have changed. 
The manual and physiological reactions 
to matter are practically the same as 
those of individuals living a hundred 
years ago. It may be that the new re- 
sponses which the physicists are develop- 
ing will modify the behavior of all other 
individuals and it may be that these 
changes are very significant for survival. 
To assume an underlying reality having 
certain absolute properties may be ex- 
perimentally and technically useful in 
organizing and classifying human be- 
havior, but such a ‘‘reality’’ is merely a 
name for specific verbomotor responses 
that have been acquired by the physicist 
during his lifetime. 

From the psychological standpoint 
Bridgman’s use of the terms, cause, 
effect, determination, prediction, seems 
unclear. To quote directly: 


physicist ’s 


When we say that the future is causally 
determined by the present we mean that if we 
are given a complete description of the present 
the future is completely determined, or in other 
words, the future is the effect of the present, 
which is the cause. This causal relation is a 
bilateral relation; given the cause, the effect is 
determined, or given the effect, the cause may 
be deduced. But this means, in the particular 
case that we have been considering of collision 
between a bullet of radiation and an electron, 
that the causal connection does not exist, for if 
it did the way in which the electron rebounds 
after the collision would be determined, that is, 
it could be predicted, in terms of what happens 
before the collision. Conversely, it is of course 
impossible to reconstruct from the way in which 
the electron and the radiation rebound the way 
in which they were moving before collision.’ 
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In this quotation Bridgman seems 
say that unless it is possible to forn 
what will happen, nothing will hap, 
It would be more correct to say, 
impossible to formulate what will 
pen, prediction is impossible. This 
of course, obvious, because in this 
the terms ‘‘formulate’’ and “‘ pri 
are synonyms. He is quite right, 
ever, in pointing out that all that is 
plied by the terms cause and effect 
certain relation between the elem 
a temporal series of events. El 


proton combinations are _ const 
changing. The change which prec 
arbitrarily given the name of 


ecause’’ and the change which foll: 
given the name of ‘‘the effect.’’ Int 
widest extension of the use of the t 
cause and effect in the modern sense, 
one specific event which is occurring 1 
has as its invariable antecedents eve 
thing that has ever occurred in the p 
and everything which is occurring now is 
a partial cause of any single event, e\ 
the most remote, that will happen in t 
future. That is to say, the activity t) 

I am now performing in writing 
article and the activity of the reader 
reading it are partial causes of what w 
happen on the sun two thousand years 
from now. The effect may not be of any 
practical or social significance and it 
even elude the finest measurements, 
this does not demonstrate that there is 
no effect. 

To give the terms greater specificity 
science usually limits the term caus: 
changes such that if they did not oc 
the effect would not appear. If 
series of changes is of the 
occurs in conformity with a known 
mathematical equation it is proper to 
speak of prediction, but such an equation 
ean not be formulated unless a suffici 
number of points are established to in- 
dicate its geometrical classification as a 
straight line, parabola, sinusoidal fur 
tion, ete. After the degree of reliability 


} 


tha 


type t] 

















has been established either from empiri- 


eal or hypothetical data it is possible to 
extrapolate or extend the curve forward 
or backward. This is all that is meant 
by prediction. However, this should not 
be confused with determination. Some 
events seem to occur in a regular 
sequence whether or not some physicist 
is able to formulate the equation which 
describes this sequence. The uncertainty 
of electron movements merely demon- 
strates the fact that no equation which 
eonnects the electron and radiation has 
yet been formulated. It may even be 
impossible to formulate one on account 
of the technical difficulties and the limi- 
tations of our sense organs, but there is 
no justification for saying that electrons 
will continue to act in this apparently 
helter-skelter fashion until some physi 
cist invents an equation according to 
which they may henceforth regulate 
their behavior. 

A more concise summary of the baffling 
character of the principles of subatomic 
physics is given in the quotation: 

The same situation confronts the physicist 
everywhere; whenever he penetrates to the 
atomic or electronic level in his analysis, he 
finds things acting in a way for wl ich he can 
assign no cause, tor which he never can ass gu 
a cause, and for which the concept of cause has 
no meaning, if Heisenberg’s principle is right. 
This means nothing more nor less than that the 

p. The 
precise reason that the law of cause and effect 
fails can be paradoxically stated; it is not that 
the future is not determined in terms of a com- 
plete description of the present, but that in the 
nature of things the present can not be com- 
pletely described.9 


law of cause and effect must be given u 


As Bridgman here uses the terms 
cause and effect they imply a practical 
or social distinction. A cause in the 
social sense usually means that there are 
a minimum number of conditions which 
must be fulfilled before a number of 
specified conditions will follow. In other 
words, from the social standpoint the 
cause and effect relationship usually 
refers to the problem of environmental 


9P, 448, 
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which when once understood, is so convincing 
that we have already almost ceased to kick 
against the pricks. This inevitableness is rooted 
in the structure of knowledge.1° 

Professor Bridgman sees very clearly 
that in the last analysis what goes on in 
the universe can only be derived from 
the changes which occur within his own 
body. In other words, the individual 
ean get into contact with the universe 
only in so far as his own movements are 
functions (in the mathematical sense) 
of movements that have occurred in the 
external world. Necessarily the degree 
of functional relationship between my 
body and the external movements will 
depend upon how accurately my move- 
ments are functions of the external 
movements, and the degree of accuracy 
in reacting to external movements is 
limited by the fineness or coarseness of 
the structure of my own sense organs. 
This can be generalized by saying that 
the individual movements are functions 
of external movements. Most of the 
difficulty arises when the physicists un- 
critically accept such terms as knowl- 
edge, mind, consciousness, awareness, as 
representing entities which are in some 
way entirely different in structure and 
function from the processes they are 
investigating. 

This introduces the assumption that 
there are two universes: one of mind and 
one of matter. It may be that this is the 
simplest assumption to make, but at least 
it should be recognized as an assumption 
to which there are alternatives. There 
are many practical considerations which 
make the assumption of an external 
world highly probable. The line between 
the external world of movements and 
movements within my own body can not 
be sharply drawn. All bodily move- 
ments are muscular movements, that is, 
contractile effects in muscle fibers. How- 
ever, these contractile effects are the 


products of nervous processes or chem- 
10 P, 448, 
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ical reactions occurring in the nerves 
which lead to the muscle fibers. These 
nervous processes in turn are the prod- 
ucts of chemical or mechanical processes 
in the sense organs, and the chemical o 
mechanical processes in the sense organs 
are the resultants of movements in the 
stimuli (of the external world) which 
act on the sense organ. All this repre- 
sents a continuum of the type of a dif- 
ferential equation in which the division 
between one stage and the next is not a 
sharp line but only approaches a limit 
We can not say where external stimula 
tion ends and internal activity begins; 
we can only approach the limit of the 
different energy transformations between 
sense organ, nerve and brain. In the 
same way further arbitrary distinctions 
are made between brain and muscle con 
traction. These may be rather carefully 
defined as the approach toward son 

mathematical limit, but they can not be 
so carefully established empirically or 
experimentally. 

Thus far it has been tacitly assumed 
that human behavior is a form of motion 
For theoretical physics the behavior is 
the totality of these movements in the 
various physicists which make up t 
experiments, records and literature of 
theoretical physics. Now just where in 
this series shall the non-physical prin- 
ciples of awareness, mind, knowledge, be 
introduced? When the physicist speaks 
of the formulation of his problems as 
‘frooted in the structure of knowledge’”’ 
he assumes that the psychologist is able 
to transform the professional movements 
of the physicist into mental states which 
have none of the physical properties of 
the verbal and experimental activities of 
the physicist. However, there is very 
little agreement among the psychologists 
themselves as to what is to be included 
under such terms as knowledge, con- 
sciousness, awareness, etc. In fact, many 
psychologists have reached the conclu- 
sion that it is hopeless to try to give these 
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terms a scien he status such a Stat 


ment as ‘‘the fundamental datum of all vVarrant adding his « 
knowing is consciousness’? sounds rea tific conception of 1 

sonable and clear. But this is only due which ] 
to the fact that such statements hav: sveh ‘ , 

been reiterated so often that there is nov Sone Hi . 
ho longer a eritical analysis ot them tera R ‘ - nd , a 
Certainly not by the physicists. Scien pra eee c 

tifically the statement 1s o7 ly a verbal . , 

reaction Which is a symbol neither for a human bh rage 

fact nor for a relationship. It is only a tha — 
habit of speech that individuals hay ret 

acquired under certain social no) the terms ‘‘su : 
scientific Conditions 


W hen pl vsicists reduce electrons and qj 


protons and Tie Interactions hetwee} 
Them TO GCOonSClOUS mental States tI 
should understand that no one knows 


what a mental state is, or what the mind 
is. To insist that it is understood int 
tivelv is simplv substituting loose liter 


ary habits acquired in early life for the 





more rigid habits of seientifie ai sis sf DY U 
It would be a wholesome adventure fot 
those physicists who try to general 
bevond their own researches to try 
actually to find a definition, deseription 
yr explanation of mind, awareness, ¢01 , 
sciousness, meaning, feeling, ete.. which ] ; ; 
they regard as in any sense scientifically I gts eee 
clear and Satislactory AS a psycholo a ' 4] 
gist the writer should perhaps be 7 ; 
ashamed to admit this but his ow 7 : : 
efforts at trving to do just this thing i - 
have left him no alternative.” | ws mm 
The physicists who are now writing on iat ai o Gage 
the philosophical or psychological aspects _,, pw: 1s 
of modern physics are using a psychol . 
ogy which they acquired during thei 
undergraduate years. The psycholog, 
of to-day is no more like the psychology 
of twenty-five vears ago than the physies 


of to-day is like that of the nineties 


The physicist may throw up his hands in It is well to poi 





despair at the confusion which confronts already on and tl} 
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psychologist the problem presents a very 
interesting phase of what happens to the 
scientist when he is suddenly required 
to change the habits of a lifetime. The 
physicists for at least two generations 
had all their problems nicely labeled and 
theoretically solved Something new 
happened. Roentgen discovered invis 
ible radiations and this started a new 
line of research. One discovery followed 
another in rapid sueeession. Not only 
was the complacency of the physicists 
markedly disturbed in their own field 
but they are insisting that all the other 
sciences should be equally apprehensive 
Surely, they say, if we, the salt of the 
scientific earth, are so disturbed it 1s 
only proper that ordinary persons should 
go into convulsions. We have lost our 
bearings, consequently the whole world 
Is about to collapse. 

In the biological and social sciences 
development has been so rapid that these 
scientists have developed habits which 
have tended to stabilize their behavior 
in the presence of profound economic, 
industrial, political and social changes. 
This sort of thing is expected and the 
new developments leave the~ scientist 
quite calm and eollected and with a 
realization that he must assimilate the 
new findings into his old ways of looking 


at things as rapidly as possible. Some 


times the old way must be complet 
disearded. He complains about this 
bit, depending upon his age, but in 

end he does change. Perhaps THis 1S j 


1 


that IS bothering subatomic pNvsics 


The change was a little too abrupt 


the degree of complacency that the ph 


i¢ists had developed 
graph of Bridgman’s article illust: 
how completely physics has failed to 
sider even the most elementary fae 


human behavior 


Bridgman is humble now. and 
are a number of other physic StS 


feel the same way, but this is bee 


atinst 


they are baffled by the comple X1T\ of 1 


physical situation which must be 


into a social system Hlumility is 


attitude of the conquered. Man tri 


phant has never been humble. The. 


velous development of industry dur 


the last half century has no 


humility in the business man. Even the 


yhysicist wi 
pny 


certain strained relations between 
atomic and superatom e bel avior 
have been arbitrated 
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THE SEARCH FOR MINERAL DEPOSITS 


By FRANK EBBUTT 


No one has, perhaps, rea ized the im ersant W 
ortance of minerals to human welfar the North America) onti t 4 o} 
nd to progressive civilization mor thi ew 
modern man. This rea IZation, both on riv aceeu 1 4 
the part of many individuals and by the the known « noporven :' 
irger mining companies and interests, minerals. In some eas 
leads to a more or less constant though life of t! mown veart coals 
ten haphazard search the world ove) startlingly short, especially ed 
rr ore deposi S f } t t nc 
The importance of this search for and possible or perhaps und tad is 
minerals can not be overestimated. creased future needs. On the oth 
Mining is one of the foremost basie in hand. no doubt. substitutes 
dustries, and its perpetuation is abso- even many o 
utely dependent on the discovery ot ndustry W iy 
new ore reserves. Almost every indi time the various min the 
vidual or group engaged or interested in point where they can no long e mined 
this search for mineral deposits will at a profit 
admit that it is constantly becoming Beeause mining is absolute a 
more and more difficult and more costly dent on ore finding, or 
to find ore bodies of sufficient merit to recog . . 
warrant development. only to ning but 
In the not very distant future the especially manufacturing, w 
industrial life of America will very dependent o 
largely depend on th ability of the supply of m minerals Fecal 
mines to maintain the supply of its dustm whi spells prosperit and 
many and varied metallie wants. At the perhaps even €i\ atio} . na <4 e} 
present time almost any one at all con dent on the supply of ming their 
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CROSS SECTION OF ORE BODY 
ILLUSTRATING THE SAME ORE BODY AT VARIOUS POSITIONS IN RELATION TO 
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raw state, ore-finding methods must be 
studied more as time goes on, more rt 
search must be done along the theories 
ot ore deposition. Much of this work is 
done to-day, both by the state, by pri- 
vate individuals and by the large mining 
companies, but all industry will have to 
realize the need of a future supply and 
must add its weight to the cause. The 
U. S. Bureau of Mines, the U. S. Geo 
logical Survey, the Canadian Geological 
Survey and Department of Mines are 
doing a great work in America. So are 
many state and provincial departments 
and surveys—all of which could do 
much more and better work with larger 
appropriations. The sums set aside for 
this work in the very near future must 
be increased substantially. 

Most of our big mines ot to-day and, 
for that matter, the great majority ot 
the small ones, were found as the result 
of the investigation of a noticeable out 
erop. In the older districts, where mit 
ing hes been earried on ior severa 
decades, very lew disecove ries have been 
made in recent years; some important 
finds have oceurred in Canada in the 


until reeentiy little known areas. Ar 
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which must be based on a very thorough 
knowledge of the district, its geological 
past production, ete. Once 
as Fig. 1 
geophysical 
called to the aid of the 
for this is his work, not the 


Well dir ected 


next step 


literature, 


eases such are ‘‘sensed,’’ then 


the 


methods ean be 


various prospecting 


ceologist. 


diamond 


prospector’s, 


drilling should be the Sooner 


or later finds made roughly along the 


lines will be the only discoveries 


There are no ‘‘New World’’ eon 


tinents with nice noticeable outerops for 


above 


made. 


man to run to for his future supply of 


the many minerals; it Is evi 


dently a costly process now finding out- 


necessary 


crops even in Central Africa. 

Fig. 2 depicts an ore body with a poor 
surface showing, perhaps readily passed 
The care 


trained 


up as uninteresting by many. 


ful examination by speciaily 
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BIG TIMBER 
West Coast oF VANcOUVI 


men, blessed with a real appree 


physiography (which amounts to w 
the late Sir Archibald 


ealled ‘‘ Landseape in History’’), sho 


Geikie apt 


lead to the disclosure of the si@nifiea 
of this type ot outcrop 
Fig. 


3 depicts an or body MW 


noticeable surface exposure or perha] 
gossan ; cases like this are readily disco’ 
ered by the prospector and quick 
developed into a mine and exploit 


Such eases are becoming hard to fins 
some one has stumbled on these bet 
and we have a producing mine or 
extinet one in its place. 

Fig. 4 depicts a situation which loo 
encouraging to the uninitiated, the bor 
optimist or the unscrupulous promote 
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Much misdirected capital has been spent 
on such eases 


surtacc showing that 


could be perl aps, mistaken by some 101 
a case like that shown as Fig. 2? 

Future prosperity will depend on tl 
skill with which cases 1 and 2 ean be 
found. A sma portion oO he mo 
spent mn the past In an effort to exp I 


COSCS like 5 Wwou d vO 
toward the 
lar to Figs. 1 or 2 
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way 
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rts of America the work is 


In many ] 
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greatly complicated, as glacial till, talus 
slopes, soil and vegetation no doubt mask 
many deposits ha the various stages 
or situations 
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requisites. These should serve to mak: 
clear the necessity ot choosing the right 
| man. Are there going to be enough mi 
of this type to go round? As point 

| out in a previous paragraph, not on! 
mining depends on ore finding but 
ever-growing industrial civilization di 
pends on the mines for its tremend 
metallic needs; this industry is ind 


rectly, but nevertheless very dependent 


on ore finding. 
One nowadays hears a great d | 

about the reduction of mining costs : 

the exploitation of lower-grade ore \ | 

doubt costs will be lowered to som 

tent but there is a limit, and lower-g | 


ore needs to be in very great quant 
if a profitable mining operation is 1 I 
ensue, 

It is common knowledge that 
minerals have been used since 1900 t 
in all previous history. This 
one to appreciate the situation and 


rough eonjectures about the futu Th. 


demand. Can the exploration ( 


ments, geologists and prospectors meet 














that demand? They are going to need mu 
2 ee help in the form oft better knowleda 
ROCKY MOUNTAIN SHEEP What is known about ore di posits fills 
ALBERTA ROCKIES many books, but there are stil! man 
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RAFTING ACROSS THE BLUEBERRY RIVER 
PEACE River District, B. C. 


what are now our big producing mines ean not get our mines back by at 1 
and dividend payers will, in time, be- tem of rotation of crops or by thi 
come exhausted; mining is not like fertilizers. Man’s hope must rest o1 
lumbering—there can be no reforesta- finding of new ore bodies or the i 
tion; mining is not like agriculture—we _ tion of substitutes. 
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DO FISHES FALL FROM 


By Dr. E. 


Baron Hieronymus Carn FRIEDRICI 
MUNCHAUSEN 1s by unanimous consent 


nominated the prince of tellers of ** big 


stories, the first president of th 
‘“Ananias Club,’’ but he never told of 
a rain of fishes. Suspecting that he had 
such a story, I have carefully gon 


through a number of editions of his 


book but have found no rain of fishes 
So also John Kendrick Bangs found, 
but, feeling that Munchausen should 
have told this and a number of other 
stories. Banes has written these up 
under the subhead ** Recent Adve) 
tures’? and published them in a_ bool 

‘Mr \lunechausen Embellished 
with Drawings by Peter Newell 

Now it would seem that Mr. Bangs 
himse!f also never heard of a veritabl 
rain of fishes. but had to conjure one up 


out of his imagination So he resorts 


to the clumsy expedient of having his 
narrator-hero when a bov secure a lara 
quantity of gunpowder and plant tl 
mn Ti hottom of a neat by fishpone 
When this was touched off th holk 
pond was blown high in the air an 


after some davs the contents of the pond, 


fishes, rained down o1 


including 
the astonished peop 


! 
hood. Pete 


many 


le of the neighbo 


Ni We 
lustrate this rain, 


drew a figure 
71 
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fis] eS pl 
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illustrations of ra 
books. 

Now the 
imagined rain of 
for there 


of such 


Interesting thing 1s 


fishes 1s not necessary, 
is a multitude of true accounts 
rains Having a penchant for 
the unusual in natural history and par 
those 


matters wherein 


for 
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fishes are coneerned, many Vvears | 
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PRODUCED BY BLOWING UP Ht 


These 


Space 


space, encircling the whole globe. 


accounts in range of time and 
make for sure testimony as to the actu 
the phe 


there could not have been any 


ality ot occurrence of this 


nomenon 


collusion among authors. I have per 


sonally never been so fortunate as to ex 
perience or witness such a rain, 
but 


eorded by scientific men. 


even 
[ ean not disregard the evidence re 


There are two figures, other than Peter 
Newell’s given above, of rains of fishes. 
I discovered one of these on the very day 
article went to 
interest that 
History in 


first press. It 


| pub- 


1922 ‘ 


that my 
creat 


Natural 


was of such 
lished it in 


499, 84. 


RAIN OF 


FISHES 
POND, AS ILLUSTRATED BY PETER NEW! 
From Banos, 1901 


[t is reproduced from a rare old boo 
but 
Prodigiorum 
published at 
The author 


named Com 


so rare that I know of four copies 
in the United States 


Chronicon,’”’ 


Ostentorum 
Basle, Switzerland, in 1557 
Alsatian 


accordance 


was a learned 
Wolffhart, 


fashion of his times L 


who in with tl 
atinized and IH 
lenized his name to Conradus Lycos 
thenes. 


dueed 


This picture, whieh is repr 
Fig. 2, 
downpouring ot 
Saxony in the third 
oi Otho, the sixth emperor of that nam 
D. 689, and is found 


herein as was draw} 


fishes 11 


illustrate a 
vear of the reig 


the vear being A. 
on page 367 of Lycosthenes’ Mr. Wollt 


heart’s) old book. 
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Earlier, however, by two years is that 
shown herein as Fig. 3. It is taken from 
that stout old story-teller, Olaus Mag 
nus, Archbishop of Upsala and Primaté 
of Suetia and Gothia, being found on 
page 726 of the first edition of his book, 
‘*Historia de Gentibus Septentrional 
bus’”’ Got] Ss. Swedes and Vandals 
published at Rome in 1555 lHlere 
forms the head-piece to a chapter en 
titled, ‘‘Concerning the Fall {or Rain 
of Fishes, Frogs, Mice, Worms and 
Stones from the Clouds! ’’—surel\ 
an all-inelusive heading Hlowever, no 
statement is made as to when or where 
these fishes fell 


The wood bishop's hook went through 


many editions and in some of these the 
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FIG. 4. A VARIANT DRAWING TO IL 
LUSTRATE THE RAIN OF FISHES IN 
SCANDINAVIA 

From Olaus Magnus, 1567 
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- FIG. 5. \ WATERSPOUT ON JACKFISH LAKE n 
NEAR NORTH BATTLEFORD, SASKATCHEWAN, CANADA, JULY 20. 1923. PHOTOGRAPH TAKEN A res 
A DISTANCE OF ABOUT ONE MILE. not 
Photograph bu courtesy of 1 S. Weather Bureau mate 
of tl 
while to put them on record. The first, fishes by the pailful and sold then r tl 
a personal experience, was related to me while a reporter on the Providence 
by Mr. Richard Hoadley Tingley, of Journal gathered a bucketful of then 
Port Chester, New York, whom I have and these were displaved in various shop 


known personally for a number of years 
This fall oceurred on May 15, 1900, on 


the outskirts of Providence, Rhode 
Island. A severe thunder-storm with a 
high wind brought a heavy downpour 
of rain and with it living squirming 
perch and bull-pouts, from two to four 
and a half inches long, which fell on 
vards and streets—covering about a 
quarter of .u acre. Mr. Tingley says 
that he was out in the storm and was 
pelted not only with rain-drops but with 
fish as well. The boys collected these 


the 

ness streets of the city. 
In July, 1928, |] fall of 

fishes near Tarboro in my native state of 

North Carolina. 

in getting the particulars, and even mor 


windows on one of principal busi 


heard of a 


I have spent some time 


effort in getting corroboratory evidenc 
and I am persuaded that full credence 
is to be given to the account and to m 
Here the 
this fall of fishes as communieated to n 
On May 18, 1928, a rain of fishes fe 
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LAZZARO SPALLANZANI 


(1729-1799) 
By Professor A. ELIZABETH ADAMS 


ZOOLOGY DEPARTMENT, 

ALTHOUGH Spallanzani worked nearly 
two hundred years birth oe- 
eurred on January 12, 1729—his find- 
ings are still quoted, his methods com- 


ago—his 


mended and, especially in experimental 
science, both the variety and nicety of 
his experiments and the accuracy of his 
observations sanction his right to be con- 
sidered one of the founders of experi- 
mental zoology. ‘‘The genius of Spal- 
lanzani touched 
things that it is impossible to avoid com- 
ing constantly upon his work,’’ writes 
Cummings,‘ and this statement finds 
ample proof whether the subject be of 
zoological import (digestion, respira- 
tion, reproduction, spontaneous genera- 
tion, regeneration and the like), meteor- 
the founding of museums of 
natural history, or travels in southern 
Kurope. 

Spallanzani’s training? was as varied 
as his interests. After spending his 
childhood at Scandiano, where he was 
born, he began his more advanced study 
at the Jesuit College at Reggio di 
Modena in 1744 where his principal sub- 
jects were law and theology, probably 
due to the influence of his father who 
was an advocate. But his later sojourn 
at the University of Bologna tended to 
give his natural scientific 
free rein, and in this he appears to have 


and adorned so many 


) 
ology, 


inclinations 


1B. Cummings, 1916. ‘‘Spallanzani.’’ Sci. 
Prog. in XXth Cent. Vol. 11, p. 236. 

2 Data for the account of Spallanzani’s life 
are taken from the following 
mings, loc. cit.; A. Massaglia, 1925. ‘‘ Lazzaro 
Spallanzani.’’ Med. Life. Vol. 32, pp. 149- 
169; W. Stirling, 1902. ‘‘Some Apostles of 
’ London. pp. 60-64; 
paedia Britannica, 1911. 11th 
lanzani. 


Cum- 


sources: 


Physiology.’ Encyclo- 


ed. s. v. Spal- 


MOUNT HOLYOKE 


} ' " . 
been aided and abetted by his cousin. th 


mous W an scientist, Laura Ss 
and by Vallisneri rofessor of 1 
history at Padua and a Ss 
diano In 1754 at e ag A 
five, his appointment S eSsol 
logic etaphysies 1 G the 
college at Regg s ] ative 
versatility, while his first paper, ‘* De 
lapidibus ab aqua resilientibus erta 
tio,’’ is the straw which shows the 
wind was blowing in a scient dir 
tion. In 1760, by accepting the chair of 
physies* (some authorities say it was 


natural history®) at Modena, he had the 


opportunity to give himself more fu 
to scientific work, and his paper on 
‘The Origin of Springs’’ 


by others ofa zoologica! natul 


was 
taneous generation (Saggio dl Usser 


microse p. concern il 


ham e Buffon, 1765), on the circulation 
(Dell’ azione del euore ne’ vasi san- 
guini; nuovo osservazioni, 1768) and o1 
reproduction (Prodromo di un opera 
im primersi sopra le riproduzioni anil 

1} wi ‘ ‘ y y ] 
mali, 1768). Sometime in this period he 
took priest’s orders, although it is 
thought that he was never very active ll 
this profession. 
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In 1769 he was called to the chair of 
natural history in the University of 
Pavia, and initiated his labors with a 
defense of the preformation theory. 
Here he continued his studies on the 
circulation (De’ fenomeni della circola- 
zione osservata nel giro universale de’ 
vasi; de’ fenomeni della circolazione 
languente; de’ moti del sangue inde- 
pendent; dall’ azione del cuore, e del 
pulsar delle arterie. Dissertazioni quat- 
tro, 1773) and published tracts on spon- 
taneous generation, on regeneration, on 
mating habits of animals and many other 
matters (Opuscoli di fisica animale e 
vegetabile, aggiuntevi aleune lettere 
relative ad essi opuscoli dal Signor 
Bonnet e da altri scritte all’ autore, 
1776). One of the outstanding events of 
his connection with Pavia was the found- 
ing of the Natural History Museum, 
which he built up largely through his 
own zeal and ability as a collector. As 
he later claimed, ‘‘It had been born 
under his hands, it had grown under his 
direction, and owed its prosperity to his 
correspondence, activity and travels.’”® 

The year 1785 saw him receive an 
invitation to Padua which he did not 
accept but used as a tool for securing a 
larger salary at Pavia and for getting 
permission and funds for a journey to 
Turkey, where he was received by the 
sultan. During his absence from Pavia 
some of his colleagues began checking up 
on the specimens in the museum and 
finding some catalogued but absent from 
the shelves and being spurred on by 
jealousy of his popularity in the univer- 
sity and with royalty, they investigated 
a private museum which he maintained 
in Seandiano. There they found cer- 
tain objects labeled with tags of the 
museum at Pavia and accused him of 
filching these from the museum. He 
stood trial on his return from Turkey 
and was able to clear himself and rout 
his enemies, some of whom suffered de- 


6 Cummings, loc. cit., p. 242. 


cidedly from having tampered wi 
affairs. 

The later years of his life were 
largely in teaching, investigati 
traveling, in publishing other edit 
his work on the ‘‘Natural Hist 
Animals and Vegetables’’ and in wr 
a six-volume account of his journ 
(Viaggi alle due Sicile e in aleun 
dell’ Apennino dell’ abate L. Spa 
zani, 1792-1797). His death from 
plexy occurred in Pavia in 1799. 

Of what sort was this man, the | 
outline of whose life has been sket: 
above? And why have his labors st 
the test of time? That Spallanzani 
sessed a vivid personality and an 
dance of self-assurance seems e\ 
from the impression he made on 
temporaries and from all accounts « 
contacts with his fellow men. As Cu 
mings pictures him we see a magni 
and assertive man who was bent on 
ing his say in all matters that concer 
him. 


Greedy, ambitious, arrogant, and at ti 
violent, Spallanzani was a bull-moose ty] 


man who charged through life with his 
down. There were many obstacles to his 
cess, but he brushed them aside; he had 


detractors, but he pinned them down. 17 
opponents in biological controversy hi 
expressed any flabby desire to agree to dif 
They were attacked with acerbity, and whet 
right or wrong he emerged triumphant. |! 
modesty was not one of the Abbé’s 
When as a young man conscious of his 
genius, he ventured upon a criticism of 
illustrious Buffon, he did so with a sard 
expression of his own incompetence. He never 
showed the smallest inclination to mislead 
contemporaries into giving him less than 
deserts. He set out to be second to none—not 


even in salary—and he succeeded and was 


proud of it. 


As a critic Spallanzani could be scat! 
ing. Nowhere is this more apparent 
than in his evaluation of Buffon’s wor! 
on spontaneous generation in the light 
of his own accurate experimental evi 


7 Cummings, loc. cit., p. 236. 














ter of scientifie criticism. ‘The ex 
amination of Mr. Needham’s hypothesis 


y , + 


on generation will require a severe cri 
cism from you; but you will make it in 
polite, moderate, and friendly terms. 
You are acquainted with the character 
of this learned naturalist, and cherish 
+ ; ; hi ] 

the same esteem for him as I do my 


; 


scl 





Together with fanciful hypotheses, 


; 


garnished accounts of facts well able to 


stand alone receive a mé rited rebuke. 





leed, through his whol I 

ently shown his attent 
I whe that has fa 1 

rse to the aid of his playf 
m with extravagant though 

s of ther lous kind 

ve been more commendable 
1 s readers with real informa 

tion, instead of filling so n pages with thes 
trivial and sipid pleasantries? In fact, after 
having read his five tters on Etna, what idea 
do they en e us to form of the nature of this 


mountain?! 
Then perhaps feeling that he has failed 
h 


to give proper credit, he adds: 


I do not mean, by what I have said, indis 
eriminately to condemn the whole work of Mr. 
Brydone. His ‘‘Tour’’ [through Sicily] fre 
quently contains facts and observations well 
deserving attention. It is elegantly written, 
and the author was wel] acquainted with the 
secret of exciting our curiosity, and rendering 
his narrative interesting; though frequently, 
with that kind of interest which seems more 
suitable to romance than to authentic history.! 

®L. Spallanzani, ‘‘Tracts on the Natural 
History of Animals and Vegetables.’’ (Transl. 
fr. orig. Ital. by J. G. Dalyell, Esq. [2nd ed.] 
2 vol. Edinburgh. 1803); Vol. 2, p. 22. 

® Dalyell, Transl. 1803. Letter from Bonnet 
to Spallanzani, included in Transl. of Tracts, 
ete., Vol. I. p. 158. 

10 L. Spallanzani, ‘‘ Travels in the Two Sici 
lies, and Some Parts of the Apennines.’’ 
(Transl. from orig. Ital. of Spallanzani. 4 vol. 
London 1798); Vol. 1, footnote, pp. 203-204. 
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not only had an excellent background of 


general and of scientific knowledge, but 
was always eager to try something new, 
to demonstrate his experiments before 
his students, to give them the benefit of 
his philosophical meditations. He could 
not be content with repeating the minu- 
tiae of dry detail which appeared to be 
the meat of those systematists whom he 
sarcastically termed ‘‘nomenclature nat- 
uralists,’’ and only consented to give up 
his cherished desire to have students use 
his translation of Bonnet’s ‘‘ La Contem- 
plation de la Nature’’ for their reference 
book and to give proper attention to the 
subject of nomenclature when he was 
promised an increase in salary. Even 
then it is said that he managed to inter- 
sperse his experiments in the midst of 
systematics. In addition, he possessed 
great ability as a lecturer. ‘‘Une élo- 
quence simple et vive animait ses dis- 
cours; la pureté et l’élégance de son 
élocution seduisaient ceux qui 1|’enten- 
daient.’"*> It is probable that his un- 
willingness to conform wholly to conven- 
tional standards, his enthusiasm as a 
teacher and his vigorous scholarship all 
contributed to that popularity which led 
to his election by the students as rector 
of the university in 1778, and to his 
overwhelming reception by them on his 
return from Turkey and Vienna in 
1786. 

The second question, why Spallan- 
zani’s labors have stood the test of time, 
may perhaps find a partial answer in 
the fundamental nature of the questions 
which he investigated, in the methods he 
used and in the way he recorded his 
observations. As already evident in his 
criticism of Mr. Brydone’s fanciful 
writings, he had no patience with such 
a style, especially when truth itself was 
so much more wonderful than fancy. 
His ideal for scientific papers is given in 
the introduction to his ‘‘Prodromo di un 

15 Cummings, loc. cit., p. 239. Quoted from 
Sénébier. 


opera sopra le riproduzioni animali,’’ 
that work which was to have been mer 
the outline of a much larger work on th 
same subject. 


To lay down facts with the faithfulness of 
true historian of nature; to pass, as much 
possible, from the most simple to the most con 
plicated; to bring them together, to analy 
and compare them both with themselves a1 
with the discoveries of other authors; to dedu 
with impartiality the immediate consequences 
either favorable or contrary to the explanati 
given of those extraordinary phenomena; 
shew how far the limits of animal physiolog 
are extended by, and what utility and advanta; 
may be derived from observations of this kind 
will be the principal design of this work... . 

As several of the results of my experiments 
will appear singular, I shall make it my busin: 
to describe them with precision, to mention t 
precautions and means I have used in making 
these observations, the temperature of the air 
and the situation proper for the anima 
together with the food I gave them; and 
short, to disclose all the circumstances whi 
may contribute to the understanding, a1 
establishing of the facts, so, that the lovers 
natural history, on repeating my experiments 
may, if they please, confirm and extend then 
still farther.... 

I have thought a sufficient number of figures 
would be of the greatest importance to the 
subject: if they are generally ornaments 
books of natural history, they may be said 
be the life and spirit of mine.16 


After reading these quotations it is 
self-evident why Minot one hundred and 
fifty years later in writing of th 
**Method of Science,’’ particularly as it 
concerns scientific papers, says that 
‘‘Spallanzani established the modern 
standard.’’!” 

Nor when we look over the contents 
of this work, whose introduction has 
been quoted in part, and find studies of 
regeneration in earthworms, in aquatic 
boatworms, of the tadpole’s tail, of tails, 
legs and jaws in aquatic salamanders, of 
legs of frogs and young toads, of the 
head and other parts of the land snail, 

16 Spallanzani, ‘‘Essay,’’ transl. by Maty, 
loc. cit., pp. 4, 5, 6. 

17C. S. Minot, 1911. ‘‘The Method of 
Science.’’ Sci. N. 8. vol. 33, p. 123. 
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of horns in the slug, all examined from 
many points of view (¢.g., the rate of 
regeneration, the order of regeneration, 
the effect of amount removed and age on 
regeneration, the variation in the capac- 
ity of species to regenerate, the micro- 

the erating 
parts, does Garrison’s evaluation of the 


scopic appearance of rege! 
work seem extravagant: ‘‘These experi- 
ments were not taken up again until the 
end of the nineteenth century, but tl 
contain all the essentials of the modern 
work of Roux, Driesch, Morgan, Loeb, 
and others.’’*® 

One example of Spallanzani’s method 
of analysis is worth consideration be- 


ley 


eause of the grasp of detail and the 
thoughtful planning of experiments 
which it reveals. After noting the 


necessity of knowing the conditions of 
the animal before and at the time of the 
operation, he sets a series of questions 
to the results of cutting of earth- 
worms transversely into four, five, six 
or more parts. 

With regard to the consequences of th 
tion, I examined 1. What new and 
position the dividing fibers and vessels acquire? 


as 


sec 


dis 


order 


2. What time it takes up after the section, 
before a new production begins to make its 
appearance? 3. What is the form and structure 
of the reproductions; and in consequence, how 


far they agree or disagree with the first parts? 
4. Whether the circulaticn in the great artery, 
formed by the to 
that of the whole worm: namely from tail to 
head? 5. In what manner are the great artery, 
the intestinal tube, and the other parts existing 
in the old animal, united to the new parts? 
6. Whether, caeteris paribus, the reproduction 
grows in proportion to the length of time, and 
the warmth of the Whether all 
the parts, similar or dissimilar, which existed 
in the old, are also found in the new, worm? 
8. Whether the reproduction, after 
parallel to the plane of the rings, keeps the 
longitudinal direction of the worm? 9. Whether 
this direction varies with that of the plane of 
the section? 10. What interval of time re- 
quired before the new-produced parts are able 
perfectly to perform the functions of those that 
were cut off? 11. Whether on the lengthening 

18 F. H. Garrison, 192 ‘*History of Medi- 


1. 
cine,’’ 3rd ed. W. B. Saunders Co. p. 330. 


reproduction, is analogous 


weather? 7. 


sections 


is 
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the reprod e tru eases lik 
ise? 12. W) ra ce 

r s ) pa 

- k gt 
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For studies other than those on 1 

veneration, his enthusiastic rsistencé 
. ; : 

succeeded when the efforts of ot 

went unrewarded, and in 1771 he w 

| ’ 
ible to announce the S\ el t 
iY let) f 4] } } ] 
Ircuiation or the |! line iaries 1n 

arm._h! ve | "ITY } 
warm-blooded animals This was ex 
actly one kundred and ten years ter 
Malpighi had demonstrated its occur 
rence in cold-blooded forms, and afte 
Malpighi himself, Leeuwenhoek, Coop: 

. ‘ 1] . < * ] ’ ] . 
and Haller had all failed in their a 
tempts to demonstrate the phenom 

| ) 
in warm-blooded types. As Lu 
quotes him: 

Long ha I been burning rios 
liscover the r I 1 wal ‘ . 
mals, grasp it as m . f 
ease of the e¢ ] oded; he 8 SS¢ 
(‘fumbilicals of S r 
servation é in al t rs n 
consideration, because they long s 
animals. Since the room 1 W I found 
myself was insufficier ghted I was 
determine ll sts to satis sity 
I decided to examine tl gg é el r 
direct sunlight. After fixing it in the appara 
tus of Lyonet (‘‘a small micros 
Spallanzani’’) I tur the lens upon it 
notwithstanding the strong ligt tl sur 
rounded was f g yes 
to see plaiz y how the bl wed the 
entire circuit f the arterial a1 nous un 
bilical vessels T} 1 with this unexpected 
joy, I felt that I, too, might exclairz ‘I have 
found it! I] ive found it!’’ I made this 
discovery M 177 ( 1 myself 
in the summer \v ition of that year with its 
development 
Although this « scovery and the ex 
planation of the phenomenon of the 
arterial pulse are perhaps the most inter 
esting that he made in the field of circu- 

; : : 
lation, they are only two of many lines 
worked upon, such as the elasticity 

19 Spallanzani, ‘‘Essay,’’ trans y Maty 
loc. cit., p. 14. 

20L. Luciani, 1911. ‘‘Hum Physiology.’’ 
(Transl. Maemillan. Vol. 1, 172-17 
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of red blood corpuscles, the functions of 
the heart and the rate of flow of blood 
through the blood vessels. 

Among Spallanzani’s investigations 
which are most often met in the litera- 
ture are those on digestion™* and with 
good reason. These followed the classic 
experiments of Réaumur and were to 
some extent repetitions of Réaumur’s on 
digestion in the kite and other animals. 
The thoroughness with which Spallan- 
zani carried out his studies not only on 
types of vertebrates from fish through 
mammals, but even on himself, is indica- 
tive both of his method and his analyti- 
eal approach to the subject. He demon- 
strated the contractions of the stomach 
when distended with food, by making a 
guinea-fowl swallow hazelnuts and then 
watching the behavior of the stomach as 
it became filled by the nuts. He studied 
the effects of the stomach juices on bits 
of food contained in small metal or 
wooden tubcs or in linen bags, securing 
them again for examination either by 
pulling them from the stomach by 
strings attached to them, in the feces, or 
by opening the stomach after the objects 
had been retained a certain amount of 
time. He likewise procured samples of 
gastric juice by recovering sponges 
from the stomach of various animals or 
by making himself vomit on an empty 
stomach and used these juices to carry 
on experiments in digestion outside the 
body, carefully regulating the tempera- 
ture conditions and using bits of food in 
water as controls. By these and many 
other tests he was able to demonstrate 
that the gastric juice possessed distinct 
solvent properties and prevented putre- 
faction. It is curious that he missed 
the acid nature of the gastric juice, for 
some of his experiments seem t» demon- 
strate this so adequately. 

21 Foster, loc. cit., pp. 212-219; Luciani, 1913, 
loc. cit., Vol. 2, pp. 153, 179, 185, 189; Stirling, 
loc. cit., pp. 61-62; Spallanzani, ‘‘ Disserta- 
tions Relative to the Natural History of Ani- 
mals and Vegetables.’’ (Transl. by Thomas 
Beddoes. 2 Vol.) 1789. 


Spallanzani likewise became much 
terested in the subject 
both in warm- and cold-blooded anin 
in vertebrates and invertebrates. 1 


or respirat 


studies were mainly published in 1s 
after his death by his friend Sénél 
but possibly failed to receive as m 
eredit as others of his works becausi 
was not alive to defend them. His ¢ 
periments range over a large field: « 
fining animals in stagnant air 
noting the effects; studies on hiberna 
animals especially when subjected to 
excess of carbon dioxide; placing a 
mals with or without lungs, or parts 
animals, e.g., ovaries, stomach, liver, 
testine, in atmospheric air and observi 
how oxygen is taken up and car! 
dioxide given off by these animals or b 
their excised tissues. As Stirling sums 
it up: 

Here, was a mighty stride forward: ox 
dation does not take place in the lungs, 
indeed, in the blood. It is the tissues 
respire, i.€., consume oxygen and give off 
bonic acid. Spallanzani had studied profo 
what we now call ‘‘internal respiration. 
ondly, it is not the oxygen taken in « 
the tissues live, and give out carbonic a 
snails and ‘‘worms’’ give off this gas in 
atmosphere of pure azote or hydrogen.?? 


His observations on the respiration 
excised tissue only lack quantitativ 
details to make them wholly modern 
sound. 

The field of reproduction in the ani 
mal kingdom claimed much of Spalla 
zani’s attention and his studies includ: 
many on Amphibia—their mating hi: 
its, the process of fertilization and thi 


} 


development of the embryo—as well as 


} 


on higher forms. In addition to wate! 
ing the normal reactions, he investigat« 
experimentally certain features of sex 
ual behavior, especially the clasp reflex 
in Anura. Luciani quotes from th 
Genevan edition of 1876 by Sénébier th: 
description of certain experiments. 


22 Foster, loc. cit., p. 253; Luciani, loc. cit., 
» 


Vol. 1, p. 375; Stirling, loo. cit., p. 72. 

































occurred in the amphibian and other 


eggs, Spallanzani was led astray. In no 


uncertain terms he claims that the em 
bryo exists in the egg, simultaneous!) 
eliminating the ideas of the ‘‘spermists 

and aligning himself against any active 
role of the sperm cells. In that part of 
the ‘‘Essay on Animal Reproduction’’ 
ealled ‘‘On the Existence of the Tad- 
poles in Eggs before Fecundation,’’ he 
compares the fecundated and unfecun- 
dated egg and failing to find any real 
difference between the two, decides that 
the embryo must exist in the egg as it 
passes down the oviduct before fecunda- 
tion. After a description of cleavage 
and embryo formation, he writes: 


Such are the phenomena, which gradually 
make their appearance in the fecundated eggs. 
Hence it must be obvious, that these are no 
imagined before, the eg 


properly, as was i 
from which the tad 


pole grows, but rather the 


tadpoles concentrated and coiled up in them 
selves and t tadpoles exist before 
fecundation and req ly the f ting 
liquid of the male to unfold themselves.24 


As to the réle which the seminal! fluid 
ally plays, he continues: 


Before fecundation, the small heart of the 
germ wants force sufficient to overcome by its 
impulse the resistance of the solids. This force 
it receives from the fecundating liquor which 
stimulates, gently irritates, and obliges the 


23 Luciani, 1917, loc. cit., Vol. 4, pp. 78-79. 
24Spallanzani, ‘‘Essay,’’ transl. by Maty, 
loc. cit., p. 42. 


LAZZARO SPALL 


1 + 
n Ww 
} . 7 
st 
xe ey 
jue! 
mus 
of f 
4 
In th 
pears 
‘tady 
anda y¢ 
. 
+ 7) 
LO iit 
retug 


] 
somewnha 


M 


ANZANI 





536 THE SCIENTIFIC MONTHLY 


after filtering seminal fluid, he claims 
that the filtrate alone is potent in fecun- 
dation. Why he should have interpre- 
ted his data in this way is scarcely to 
be understood both in view of experi- 
ments which demonstrated the reverse 
and his usually clear logic. <As Lillie 
points out, Spallanzani deserves the 
eredit for the pioneer experiments on 
artificial parthenogenesis because he 
tried ‘‘to start development of eggs, by 
electricity, by the action of extracts of 
all the various organs, by vinegar, di- 
lute aleohol, lemon juice, and other 
substanees,’’ although with no success.?’ 
These experiments were all undertaken 
primarily to see whether other fluids 
besides the seminal one might accelerate 
the vital process, which he believed to be 
the réle of the latter. 

One problem which interested Spal- 
lanzani almost continuously in his career 
was that of spontaneous generation.” 
His chief opponents in this field were 
Buffon with his ‘‘organie molecules’’ 
and Needham with his ‘‘vegetative 
power.’’ Although in reading Spallan- 
zani’s account of his work it is evident 
that there were some gaps in his experi- 
ments, it is certain that he was able to 
demonstrate the absence of animalcula 
in liquids contained in hermetically 
sealed flasks and sufficiently boiled, and 
Murray’s claim that ‘‘Spallanzani had 
anticipated one of the most renowned of 
the experiments of Pasteur with results 
that would have satisfied the French in- 
vestigator,’’?® seems fully justified. 

Among less well-known experiments 
which he carried on are those on bats. 
In an attempt to discover how these ani- 
mals avoid objects as they fly, 


27 F. R. Lillie, 1919. ‘‘Problems of Fertili- 


zation.’’ Chicago. pp. 6-9. 

28 F. H. Garrison, loc. cit., p. 329; Spallan- 
zani, ‘‘Tracts,’’ transl. by Dalyell, loc. cit., 
Vol. 1, p. 13. 

29 R. H. Murray, 1925. ‘‘Science and Scien- 
tists in the Nineteenth Century.’’ London. 
p- 236. 


he blinded the animal sometimes by burning 
the eyes with a red hot wire and sometin 
removing the organs altogether, and even { 

up the orbital cavity with wax. Notwiths 

ing these mutilations, the little creatures w 
able to fly as well as before, avoid the w 
and the strings suspended in the path of their 
flight. These and other experiments led 

to the couclusicen that bats find their wal 
the dark by means of some special sense sit 
ted in an uxknown organ on the head. It 


sh: 
} 


i lis astonis] 


now generally accepted that i 
faculty in bats of directing their flight is 
to an exceptional development of sense of tou 


especially in the wing membrane.30 


Studies in other subjects, such as 
physics, chemistry and geology, cor 
sumed much of his time in the labor 
tory and in the field. He appeared to be 
equally at home in these branches 
science, and in the travels which he 
undertook to add to the collections in 
the museum at Pavia, he was ofter 
forced to be both ‘‘naturalist and chem 
ist.’ He revealed many times his ing 
nuity for conducting experiments whe 
far from his laboratory, perhaps no- 
where better portrayed than in his es 
amination of the phosphorescence of 
certain medusae which he collected in 
the Straits of Messina. Besides study- 
ing the anatomy and physiology of these 
curious forms, he dried them, squeezed 
them into various liquids (water, urine, 
milk) and did many other things to test 
their capacity to give off light.” 


A single medusa of a moderate size, being 
pressed and shaken in two ounces of this milk, 
rendered it so luminous that I could read the 
writing of a letter at three feet distance. The 
duration of this phosphorescence was likewise 
greater than that of the water. After eleven 
hours from the time 1 first put the medusa into 
it, it still retained some light; and when that 


30 Cummings, loc. cit., p. 240. 
31J7t is interesting to note that Harvey 
(1920, ‘*The Nature of Animal Light,’’ Lip- 


pincott, p. 85) speaks of Spallanzani’s experi- 


ments on phosphorescence as being of ‘‘great 


importance in understanding the nature o1 
animal light.’’ 























ceased, agitation restored it, as di warmth 


when agitation alone became ineffectual.32 

While his ‘‘ Travels’’ primarily record 
natural history observations in the 
widest sense, é¢.g., erosion, rock forma 
tion, voleanic fires, lava flow, swordfish 
and coral fisheries, varying species of 
Amphibia and birds, the customs of 
people, and dozens of other items, they 
also give us delightful and picturesque 
glimpses of his adaptability to the ex- 
igencies of traveling. 


roy eone of 
bs. i s 


Etna, though not more than a mile in a direct 
line, cost me, as I have already said, three 
hours of laborious and fatiguing exertion. It 


The ascent up the steep and cr 


seems scarcely necessary to say that the descent 
employed me less time, but the difference 
greatly exceeded my expectation. I found that 
to effect this descent nothing more was required, 
but to fix my feet firmly on some large pieces 
of scoriae, and balance my body, since that 
piece, from almost the smallest impulse I could 
give it, would slide swiftly down the descent, 
and convey me to a considerable distance, till 
stopped by the accumulation of the lesser pieces 
of scoriae which it drove before it; when I had 
only to select another large piece, on which I 
glided down as before; only taking care, with 
the staff I held in my hand, to turn aside the 
pieces of scoriae which followed me in my 
descent, that they might not strike against and 
wound my legs. In this manner, in a few min- 
utes, I arrived at the bottom of that decliv- 
ity.33 


An equally interesting insight into the 
fundamental humanness of the man is 


82 Spallanzani, ‘‘ Travels,’’ transl., loc. cit., 
Vol. 4, pp. 238-240. 


337b., Vol. 1, pp. 287-288 
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PALEO-MALTHUSIANISM 


By Professor EZRA BOWEN 


LAFAYETTE 


EARLIEST ideas upon the subject of 
population, gathered from the writings 
of ancient peoples, appear to be nothing 
more than articulated instincts, born of 
the struggle for existence. These ideas 
sprang from the innate feeling that one 
must prevail or succumb, and that one’s 
kind must prevail or finally be obliter- 
ated. What Stangeland’ calls ‘‘a re- 
ligious veneration of procreative pow- 
ers’’ expresses the general trend of early 
thought, though there is an occasional 
instance of what appears to be a contrary 
trend—where a restricted population 
seems to have been desired. On closer 
scrutiny, however, these cases frequently 
disclose another purpose. 

The instinct to prevail, or—when it 
becomes rationalized—a war policy, 
seems to have been the central motive in 
all early population theories. Even 
during classic times, in Athens, in 
Sparta and elsewhere in the Hellenic 
civilization, what appears to be an in- 
dubitable restriction policy proves upon 
better understanding to be an early 
essay at the art and science of eugenics— 
looking mainly toward the creation of 
more effective fighting men and more 
efficient public servants. 

Most of the Greek city states regulated 
minutely the lives of their citizens.? The 
regulation of marriage and celibacy was 
expressly prescribed. Marriage was not 
entirely a religious institution, nor was 
it held to be solely a personal concern; 
it was a semi-public institution, looking 
toward the production of sound citizens.* 

1C, E. Stangeland, ‘‘Pre-Malthusian Doc- 
trine of Population,’’ p. 16. 

2H. Blumner, ‘‘The Home Life of the 
Ancient Greeks,’’ p. 177. 

Rostovtzeff, ‘‘A History of the Ancient 
World.”? 


3G. W. Botsford, ‘‘Hellenic History,’’ p. 
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Here, as in most matters, the Sparta 
were particularly thorough. This \ 
city state, so frequently engaged in w 
that decimated her fighting men, 
into effect every possible provision 
the production of first-rate warr! 
Marriage was compulsory. Bachel 
hood was condemned by law and 
public opinion. In pugnacious litt 
Sparta, where so few escaped the swe 
long enough to attain to a great tot 
of years, youth was not required to p 
to elderly bachelors the respect custom 
arily given to old age. Marriage was 
the honorable estate; celibacy was dis 
graceful. Here we find expressed, bot! 
in law and practice, the old instin 
to persist—if not in person, then in 
progeny—but with characteristic th 
oughness these Greeks added something 
the eugenic idea. Not only did Spart: 
decree more children, but better chi 
dren. Infanticide was practiced bu 
more in consideration of quality than of 
numbers.* 

The Athenian policy was more liberal 
There we e laws against bachelorh 
but in peace times they were evad 
in fact, late marriages were genera 
advocated. Here is probably ihe 
palpable evidence of a new popula 
policy—an expressed desire to 
the number who share in the limited g 
things of life. Further evidence is 
wanting. The Athenians, by encourag 
ing emigration and by permitting 
practice of infanticide, expressly rec 
nized the constant fact of overpo} 
tion. We find then in Athens a mi 
policy, marking a transition from 


( 


program of unlimited expansioz 


program of poor and war-like states—to 


the out-and-out restrictive policy oi 
4Cf. E. B. Reuter, ‘‘ Population Problems,’ 


pp. 40-42. 

















rich, populous and peaceable states—a 
bridge between ancient and more modern 
ideas on population. 

But in defining Athenian population 
policy, the practice of infanticide must 
not be taken too seriously. It was first 
of all a eugenic measure, and secondly, a 
means of personal convenience. It must, 
however, be taken, in part, as indubitabl 
evidence of a restrictive population p le 
icy, for we find among primitive peoples 
that, wherever originally easy living con- 
ditions brought forth a swarming popu- 
lation, infanticide was practiced. In 
Polynesia it was at one time quite gen- 
eral. In Hawaii children after the third 
or fourth were strangled or buried 
alive. Tahitian fathers had the right 
of doing away with the newly born. In 
the Society Islands infanticide was im- 
posed upon women by oath.® 

Plato, in his philosophy, provided for 
a careful regulation of population—to 
preserve social equilibrium. His state 
was to consist of a limited number of 
citizens (5,040). If the number began 
to decrease, prizes might be offered to 
encourage the growth of population; if 
there was excess, colonies could be 
developed. 

Aristotle’s program was almost exclu- 
sively negative and restrictive. The 
number of children was to be strictly 
regulated. Exposure was to be the fate 
f ill-formed or superfluous children 


Dp 


Pregnant women who had already borne 
the legal number of children were to be 
relieved of their burden. 

The Romans absorbed Athenian ideas 
in the field of population as they did in 
nearly every other field of human inter- 
est; Rome added nowhere to Greek 
ideas—except in agriculture and in mak- 
ing war. The Greek culture and people 
spread and conquered, but conquest was 
not a principal aim. Students of Greek 
antiquity maintain that perfection was 

5Cf. A. M. Carr-Saunders, ‘‘The Population 
Problem,’’ pp. 147-149. 


PALEO-MALTHUSIANISM 






























oT (y+! 
’ , , } ] 
ha i\ 
| S y 
I i 
X S 
| | li I | ( R I 
} } 
+ 
I iS j \ 
I | y ’ ’ y 
’ ul rn ) 
‘ 
] 
pl i ( T ( | v 


y y 7 ¥ 7 ‘ ‘ , 
vachelor Is r t 
Oy ( ’ rly Y ry " ‘ y 
TY 

rt y in Ror Her G 
’ )° Oo ‘ S TY ? ’ 

, ve y S pub 
with the primary purp¢ ng 
worthy Strangely e1 y 

.1 
Tamliies ¢ ! per < SS not 
very larg nd we @an | t! 
patricians who preached or ! 
the forum practiced its op} n ] 
vate Official policy, |! I vas 
clear: marriage was encouraged | I 
wards and amenities; b 3 





lations seem to have had | e eff 
The burden of large families began t 
bore the later and more urbane eit ry 
of Ron 
Romans then were dir nll 
their views on marriage. 7 t 
ind the s ilistic ideas of the G s 
were w! Vv wanting—o1 
resented | ew legis , 
more scof t than observ lr 
tual ey s] ] oe i I ns I r 
bachelors wet hung out [ t! I 
empe S Ju S | 
women of more than tv 
jewelry i her luxuries I 
warded those who bore mar 
Campal nds mig I ld o1 | 
the fathers of at least t el 
E. M. East, ‘‘Ma t 
p. 40 
7 ¢ I St Pre-M ] 
tri P 





540 THE SCIENTIFIC MONTHLY 


Most of the commonly assumed popula- 
tion policies of Rome, at least those which 
found expression in the laws of the later 
emperors, were anti-vice regulations, or 
provisions for the continuance of patri- 
cian families. Under the Emperor 
Augustus an elaborate code was enacted, 
looking toward (1) the preservation of 
class and privilege by forbidding persons 
of senatorial rank to marry persons of 
lower caste, (2) the promotion of mar- 
riage by handicapping legally the un- 
married, (3) the further encouragement 
of marriage by granting legal and polit- 
ical advantages to married parents, (4) 
the further handicapping of unmarried 
persons by abridging their right of in- 
heritance. These laws were, however, of 
little effect, not so much because upper- 
class Romans wished to avoid the burden 
of child-rearing but because they wished 
to indulge in all manner of irregularities. 
Finally, putting aside anti-vice legisla- 
tion and laws designed to preserve class 
and privilege, we find the policy ex- 
pressed by the remaining laws dealing 
with population to be the one made 
familiar by Roman literature and phi- 
losophy, a policy of expansion springing 
from the old instinct to prevail plus a 
reasoned policy of imperialism.* 

The instinct to survive through sheer 
force of numbers seems to have been 
general among primitive and primor- 
dial peoples. So fundamental an in- 
stinct could not fail to find reflection 
in religious doctrine and practice. Pro- 
fessor Patten® and Dr. Stangeland’ find 
that it did. In fact, primitive religions 
often made a fetish of the procreative 

8 Varro, Ap. Macrob. ‘‘Saturn.,’’ I, 16. 

Horace, ‘‘Carmen Saeculare’’: ‘‘ Diva pro- 
ducas subolem patrumque prosperes decreta 
super jugandis feminis prolique novae feraci 
lege merita.’’ 

Pliny, ‘‘ Epistolae,’’ vii. 

Livy, Lib. i, Cap. 9. 

®‘*Development of English Thought,’’ pp. 
132-133. 

10 ‘¢Pre-Mal. Doctrines of Population,’’ pp. 
40-44. 


act and gave it a certral position in their 
ritual and doctrine. Of this Dr. Stange- 
land has to say: 

While it would be going too far to claim, as 
some writers do, that most, or even all, religions 
had a purely phallic origin, it can not be co: 
troverted that so-called phallic ideas hay 
played a great part in very many early religio: 
and religious ceremonies. The reproductive ar 
fructifying powers of man naturally arous 
his awe and reverence.11 


Eroticism finds expression not only in 
the crude religions of primordial peo- 
ples’? and primitive modern tribes, but 
also in the great philosophical and poet- 
ical religions of the East which have 
made themselves felt in effective opinion 
down to the moment that is passing. 
Bel, the supreme God of the Assyrians 
was the great procreator. His wife My- 
litta symbolized the reproductive pas- 
sion of nature; she bore the title, Queen 
of Fertility. Hebrew scripture is full of 
the propaganda of prolificity; in fact, 
the first injunction of Jehovah to his 
highest and final work of creation was to 
**be fruitful.’’ 

The Brahmans affected celibacy as did 
the fathers of the early Christian church, 
but unlike early Christians they did not 
hold marriage in contempt, nor did they 
recommend abstention for the common- 
ality of people. 

The views of early Christians find 
a harmonious note in the asceticism of 
the precepts of Buddha, but as with 
Brahmanism, these precepts hardly 
touched the lower classes of their ad- 
herents. 

Confucius’ views very nearly coin- 
cide with those of the ancient Hebrew 
prophets and law-givers. His doctrine 
favored the expansion of population; he 
held that the man who died without sons 
died without honor. 

Zoroaster pronounces with full, clear 
voice the precepts of productiveness in 

11 Op. cit., pp. 42-43. 

12 Westropp and Weke, ‘‘The Phallic ldea in 
the Religions of Antiquity,’’ pp. 27 ff. 

















unto 
thee, O Spitama Zarathushtra! The 
man who has a wife is far above him 
he who keeps a 


the Zend-Avesta: ‘‘Verily I 


say 


who begets no sons; 
house is far above him who has none; 
he who has children is far above the 
childless man.’”** Herodotus tells us 
that in his time prizes were given in 
Persia by the king to those who had 
most children. Sacred texts of the 
Pehlevi period expressly declare that 
‘‘He who has no child, the bridge of 
paradise shall be barred to him.’’* 
Mohammed seconds this doctrine—even 
exceeds it in recommending polygamy. 
He commands that special respect be 
paid to wives and mothers. (Stange- 
land, curiously enough, seems to hold 


that polygamy is less fruitful than 
monogamy, but he here is in face-to- 


face conflict with Mormon doctrine and 
experience.*® Possibly he confused poly- 
gamy with polyandry or with promis- 
cuity.) 

Egyptians, Greeks, Romans and other 
Mediterranean peoples—but 
the Egyptians--in their _ religious 
thought and exercise held the reproduc- 
tive powers in greatest esteem. Every- 
where a prominent god or goddess rep- 
resented the reproductive principle: in 
Egypt, it was Khem; in Assyria, Vul; 
in India, Siba; in primitive Greece, Pan 
—later Priapus; in Italy, Mutimus; in 
classical Greece and Rome, Venus, 
Priapus, Bacchus, Lucina. 

Pilot’s charitable, or at least agnostic, 
attitude at the trial of Christ, and 
Christ’s previous pronouncement of 
allegiance to Rome, ‘‘Render unto 
Caesar the things that are Caesar’s and 
unto God the things which are God’s,’ 
to the contrary notwithstai.ding, Chris- 
tianity was interpreted, both on the 
Roman and on the Christian sides, as a 


especially 


13 Z, A. Ragozin, ‘‘ Media, Babylon, and Per- 
sia,’’ p. 123. 

14 Loc. cit. 

iC. E. Stangeland, 
Pop.,’’ p. 49. 
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cities may contain more than six thou- 
sand persons besides those of the coun- 
try round.’”’ Plato in his Utopia 
recommends, we recall, five thousand 
and forty people. But good Sir Thomas 
apparently counts upon a terrific death- 
rate: fourteen out of every sixteen 
children must meet an untimely end if 
each couple is only to reproduce itself, 
for he says: ‘‘No family may have less 
than ten or more than sixteen children, 
but there can be no determined num- 
ber of children under age.’"* But 
with the appearance of Luther and 
the Reformation, rising reverberations 
merged in a clear, unmistakable and 
wholly different note. From that time 
forward, Christians and the people of 
Christian civilization took their popu- 
lation policy for four centuries or more 
from the Old Testament, from the 
Pentateuch and especially from God’s 
command to his first-made man. Luther 
sounds the full note of unlimited ex- 
pansion : 

It is only necessary that we work and do not 
remain idle; we shall assuredly be both clothed 
and fed. ... From all this we draw the con- 
clusion that whoever finds himself unfitted to 
remain chaste should make arrangements be- 
times, get some work and then dare, in God’s 
name, to enter into matrimony. A youth should 
marry not later than his twentieth year, and a 
maiden when she is between fifteen and eight- 
een years old. Then they should remain up- 
right and serious and let God provide the way 
and means by which their children shall be 
nourished. 

In another place good Luther says, ‘‘If 
women bear children until they become 
sick and eventually die, that does no 
harm. Let them bear children till they 
die of it; that is what they are for.’’® 
This is the view of the ‘‘he-Christian”’ 
intoxicated by the poets and cognoscenti 
of Hebrew scripture. This, with the 

17Sir Thomas More, ‘‘Utopia,’’ p. 102, 
‘*Tdeal Commonwealths.’’ 

18 Loc. cit. 

19 Preserved Smith, ‘‘The Age of Reforma- 
tion,’’ p. 509. 


military accompaniment of r 
drums and blaring trumpets, is 
ancient hymn to those genial gods 
whisper in the ears of solemn males ¢ 
the procreative act is a religious du 
willy-nilly. 

The Thirty Years’ War, which d 
mated the population of the heart 
continent of Europe, and the ris 
Louis XIV and his like to play a w 
at the engaging game of Grand M 
arch, brought a need for cannon fod 
—for many men, brave or not br: 
sons of otherwise happy peasants 
happier gentry who might serv 
chips, white, blue or gold, in this exy 
sive and correspondingly gratif: 
play among the L’état-c’est-moi playe 

But before the arrival of the G: 
Monarchs and their successors 
Great Powers, there was a period 
desiccating poverty which produced 
Bacon and Sir Walter Raleigh a conser 
vative strain. Raleigh, even when d 
coursing upon war, said: 

When any country is overlaid by the mult 
tude which live upon it, there is a natu 
necessity compelling it to disburde:. itself 
to lay the load upon others, by right or wr 
for (to omit the danger of pestilence, oft 
visiting them that live in throngs) there is 
misery that urgeth men so violently unto 
perate courses and contempt of death as t 
torments and threats of famine. Wher 
the war that is grounded on general remediless 
necessity, may be termed the general and 
remediless or necessary war.20 


But usually militarists held no suc! 
apologetic view. 

German theorists of the time ar 
later, mostly court stewards or Finanz- 
minister with a philosophical turn of 
mind, economists to an extent—call 
Camerialists—fell in with the militaris 
tic procession, and urged policies 
population expansion.”* 

20 Sir Walter Raleigh, ‘‘ Doctrine Upon War 
in General.’’ 


21L. H. Haney, ‘‘History of Economic 
Thought,’’ pp. 138, 147, 148. 
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The Merecantilists, another school of 
pre-economics economists. pl seribed ex- 
panding populations. The rise of great 
powers and of mereantilism are merely 
the economic and political aspects of o1 


{ 
and the same phenomenon. Huge states 


competed LO! 1@ material good nings 
the privilege of exploit- 


wed backward peoples ot 


ing the alleg )] the 
world. For three hundred years the 


pale men of the earth outdid each other 
in seizing and in plundering. All this 
took men and money, but mainly men. 
The sages of the hour, who for the firs 
time in the history of the world were in 
their several individualities one and the 


+ 


same person with the merchant princes, 
wrote very engaging essays setting forth 
the glories of large William 
the Third, heeding their advice, taxed 
bachelors, as did Colbert—Louis XIV’s 
unexampled master of extortion. Brit- 
ish colonial legislation a little later had 
a like inclination; for example, the col- 
ony of Maryland enacted that unmar- 
ried men, more than twenty-five years 


Tamiiles. 


old, and childless widowers of the same 
age should, in certain 
pay a tax to be applied to the support of 
foundlings. Prussia at this time re- 
quired marriage before the age of 
twenty-five, and subsidized the institu- 


circumstances, 


tion. Maria Theresa of Austria broke 
tradition and permitted soldiers to 
marry. In 1767, she decreed a bounty 


to sergeants, corporals and common sol- 
diers of three kreutezri per diem for 
each legitimate child.*? 

Writers and theorists to justify such 
programs were not wanting. The mo- 
tive expressed in theory and practice 
alike was plainly an extension of the 
instinct of self-preservation, a desire for 
world dominance, a militaristic doctrine ; 
argument nevertheless ran in economic 
terms. These theorists, doctrinaires, 
observers and writers noted that where 
‘*Pre-Mal. Doc. of 


22C,. E. Stangeland, 
Pop.,’’ pp. 124-126. 
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Sir William Petty (1623-1687 
unmistakably in favor of 1 
cation of population, and consi 
the most definite sign of prosperit; 
his ‘‘Political Arithmetic’’ he ree 
nized a relationship between the growt 
of wealth and the growt! 
In his ‘‘Treatise of Taxes and ( 
bution’”’ he associates popuilat a 
wealth more definite y, gi ry ] u 
tion a causal character. ‘‘Few 5 0 
people is a real t] 
noble scholar, ‘‘and a nation where 
are eight m ns ¢ De e is I 
than twice as rich as the s S 
land wherein are four.’’ John | 
seconds this opinion—though Locke 
vigorous individualism made him r 
nearly the father of the natura! libert 
or physiocratie school of economists 
than a follower of the mercan 
from whose technique physiocracy was 


In part, of course, a reaction. 


23P,. 7 
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Thomas Mun (1571-1641), merchant 
prince and popular pundit of political 
economy, was one with his mercantilist 
colleagues in advocating swarming 
populations: ‘‘For when the people are 
many and the arts are good, there the 
traffic must be great and the country 
rich.’"** Samuel Fortrey (1622-1681) 
and Sir William Temple (1628-1699) 
follow the crowd: ‘‘The true and nat- 
ural ground of trade of nations is the 
number of people in proportion to the 
compass of the ground they inhabit.’’ 

Sir Joshua Child (1630-1699) was an 
ardent believer in the advantages of a 
mounting population. He felt quite cer- 
tain that an increase in numbers meant 
increasing riches, and that any decrease 
in population would bring about a de- 
crease in wealth. In brief, all the great 
mereantilists recognized a direct rela- 
tionship between population and wealth, 
but all of them put the cart before the 
horse: all of them held that population 
was cause and wealth, effect. Sir 
Charles Davenant (1656-1731), MecCul- 
loch and Adam Smith, however, seem 
each to have gained a_ progressively 
clearer insight into the correct view that 
wealth was the cause and population 
the effect. 

Benjamin Franklin, who was born an 
Englishman but afterward became an 
American citizen, was in thought and 
spirit always a Frenchman. Nowhere— 
not even in America—was he so fully 
appreciated as in France. Franklin 
was greatly influenced by the then cur- 
rent schoo] of French economists, the 
Physioecrats. The great American sage, 
in his ‘‘Observations Concerning the 
Increase of Mankind and the Peopling 
of Countries,’’ says something which 
sounds very much like Malthus: 


24 Sir Thomas Mun, ‘‘England’s Treasure in 
Foreign Trade,’’ p. 12. 

25 Sir William Temple, ‘‘An Essay Upon the 
Advancement of Trade in Ireland,’’ Vol. III, 
of ‘‘Work’s’’ (1757 ed.). 
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There is no bound to the prolific nature 
plants or animals, but made by 
interfering with each ot 
Were the face 


plants, it might be 


what is 
crowding and 
means of subsistence. 
earth vacant of other 
ally sowed with one kind only, as, for t 
with fennel; and were it empty of other i: 


tants, it might in a few ages be repl 
from one 


’ 


nation only, as, for instance, 


Englishmen.26 


Here undoubtedly is the most sig 
eant writing upon the subject of p 
lation or upon the much broader sul 

of biology, for that matter, b 
Malthus; for Franklin’s principle, 
not the actual progenitor of the cat 
clysmie ideas of Malthus, Darwin and 
Wallace, contained their 
ment. 

In 1776, the first year of America 
independence and the year of the fi: 
practical substitution of steam-pows 
for man-power, Adam Smith issued hi 
great work, ‘‘The Wealth of Nations 
Smith, like Holy Writ, is notorious for 
furnishing quotations to any devil w! 
passes: Karl Marx’s thunder is an ec! 
from the ‘‘ Wealth of Nations,’’ neve 
theless it has been a rich source-book 
reactionaries in every land. Smith’ 
pronouncement upon population pos 
sesses this same dual character. 

But in the main, Adam Smith tak« 
the view of the out-and-out mercantilist 
the militarist, the churehman: ‘‘ Th 
most decisive mark of the prosperity o! 
any country is the increase in the nun 
ber of its inhabitants.’’ Farther 
however, we find the slightly Malthu 
sian pronouncement: ‘‘Countries a! 
populous, not in proportion to t! 
number of people whom its produce ca! 
clothe and lodge, but in proportion 
that of those whom it can feed,’’ and 
then what seems to be the very esse! 
of Malthus’ great essay, ‘‘ Every species 
of animals naturally multiplies in pr 
portion to the means of their subsistence 


essential « 





26 ‘* Works’’ Bigelow edition), P- 347. 
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and no species can ever multiply beyond W m Godwi the ] 

it.’’ As an effective basis for the great and pror nt of perfé 

Darwinian hypothesis which, as every man w ted the 

schoolboy now knows, was filehed na mild. M \ 

directly from Malthus, this statement is, argument wit is 

however, wholly inadequate—in fact, it ardent G 

is the exact opposite of the Malthusian Rousseau. The elder Malthus and | 

thesis: all species tend to multiply w 

beyond the means of their sustenance tressing timism, st 

whereas Smith says, ‘‘No species can R. Malthus a bit of irrit 

ever multiply beyond the means of their gave the world ' we re 

subsistence.’’ This was the last signifi- debt Darwi 1 W 

eant voice heard before 1798 when the influent niecs writil 

great essay on the principles of popula- has ever en he 2 

tion was uttered by Ma 
Hume, Wallace, Dr. Franklin and ceed the warrant for it 

Adam Smith—these were teachers of propositions near] ts 

Malthus, but pupil exceeded masters. of modern p! V al 


} 
| 
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thus. tral thesi life evervw 














A BLACK BEAST IN OUR EDUCATION? 


MALCOLM STRATTON 


UNIVERSITY OF CALIFORNIA 


By Professor GEORGE 


At a recent conference upon the scien- 
tific study of young children—a confer- 
ence of leaders from the United States 
and Canada—the presiding officer 
warned the members against an attempt 
to get rid of crime. He believed that 
such an aim would bring danger of utter 
fixity, of utter stagnation, in the coun- 
try. And he had in mind, I know from 
immediate conversation with him, Presi- 
dent Hoover’s call upon America to 
become a law-respecting instead of law- 
flouting nation. Another member of the 
conference, one of the most distinguished 
of the women present, who had recog- 
nized the need that children should early 
adapt themselves to the requirements of 
their society, aroused instant opposition 
because of this restriction upon the 
child’s full liberty. Under fire, she at 
once protected her position and agreed 
that in teaching the child to obey law, 
the child must above all be taught to 
know when to break law. 

Such views, even if extreme, illustrate 
a trend in American education in the 
home, in the school and in the larger 
community. It has long been with us, 
giving color to the opinion of foreigners 
that we have the world’s worst-behaved 
children. Indeed, we should probably 
have to go to the Eskimo to find boys 
and girls as self-willed as ours. The 
national commission to report to the 
President upon the violation of law in 
America will of course look into, but also 
beyond, the laws themselves and the 
lawyers, judges, police and the pro- 
cedure of our courts. If thorough, their 
observant eye will stay long with the 
children, and not simply with delinquent 
children. For the attitude even in those 
who keep the laws, an attitude estab- 
lished in early life, is important. An 
attitude in the public generally toward 
law, toward all restriction of individual 


liberty, affects our education, whi 
turn confirms the attitude in the 
generally and invites license. 

Now this trend in our educati 
received fresh impetus from studies 
repression. Under the influence 
Breuer, Freud and others this field 
been given a new significance for me) 
and physical health and for em 
and for character itself. And in cor 
quence there has come the desire t 
the young of their harmful repress 
to avoid a paralysis of the yout 
spirit, to encourage initiative and 
free expression of personality. Bé 
this massed attack upon evils too oft 
in the family and in the schools, 
which all liberal minds will wish 
stroyed, there is an eagerness for a n 
form of liberty. 

And yet in this right eagerness, 
might receive the new sensibly. W 
might contrive, like an older child, 
hold things in two hands at once. 
our impulsive delight in the novel be: 
from unrepression—especially when 
chimes so well with our national zeal 
freedom—we may find ourselves lik: 
hungry and thirsty dog that, sud 
coming upon water, drops his bone in t 
deep pool to drink and then discov 
that he still is hungry. 

Now in the admirable ardor for 
dividual freedom and self-expression 


childhood, one too often misses an equa! 


ardor for the conditions which mak« 
freedom and self-expression. One mig 


imagine, from the long tale of wrongs 


wrought by parents and teachers, t! 


the happiest place for the personal deve! 


opment of the young would be tl 
jungle. Fortunate the child, one mig 
believe, whose wise father and mot! 


had in infancy abandoned it to wolves or 


apes. But such jungle children as 


actually observed, say in India—are the} 
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A BLACK BEAST 


of all the young the freest in their pow 


ers, liberated, clear-eyed, masters of 


their fate, captains of their souls? On 
the contrary, they seem more like beasts 
than men, without the human gait, men- 
tally like imbeciles. They seem to have 
nothing of personality to express, and 


no means to express this nothing. Pe 
ling’s Mowgli of the ‘‘ Jungle Book’’ is a 


noble figment of an unprecise imagining 
It is neither fact nor truth. Romulus 
and Remus, if given no more than their 
native impulses, trained after the man- 
ners of their foster-mother, would have 
been impossible founders of the Eternal 
City and of that great Roman culture of 
justice through law which changed th« 
face of Europe and America 

The truth is, that spiritual attainment 
is only in part to be prepared for nega 
tively, by removing inhibitions, by avoid 
ing repression. The qualities which are 
most valued in the person—his intellec- 
tual penetration; his escape from super- 
stition; his creative power in arts such 
as literature, painting or music; his 
tolerance of opposition; his broad inter- 
ests and sympathies 


1; 
iles 


- his contempt of 
; his unswerving loyalty to child, 
wife, country, humanity; his readiness 
to go to the stake or the block or to 
drink hemlock, for his scientific or moral 
or religious convictions—these are not 
to be had merely by removal of external 
obstacles; the man, the woman does not 
spontaneously come into these great 
traits by sheer individual growth or 
maturing. On the contrary, along with 
the removal of external obstacles and 
with the happy growth, these things 
come only by creative achievement in a 
community whose eyes, generation after 
generation, are fixed upon their achieve- 
ment, and who invite and praise and 
whip one another onward in the great 
corporate enterprise. This is why no 
Dante, no Darwin, no Beethoven steps 
forth from the jungle. Liberty is not 
enough. Ages of constructive work by 
men and women forgotten entered into 
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those early years. Unfortunate as they 
were, they were ten times less unfortu- 
nate than would have been the untram- 
meled life of the gutter snipe. 

The slight damage which the normal 
person usually receives from such re- 
pression as is part of intelligent and 
fairly sympathetic discipline can be seen 
if we look to a larger company. It has 
long seemed clear that ministers’ sons 
generally go wrong; cases in plenty can 
be cited by any one; and it stands to 
reason that it must be so, for these lads 
are made rebellious by home austerity. 
And yet, the facts, when gathered im- 
partially and on a wide scale, show the 
very opposite; show that ministers’ sons 
are in a highly favorable situation. 
What an actuary might call their ‘‘ex- 
pectation’’ of becoming distinguished is 
better than that of most others’ sons. 
Above the children of laborers, farmers 
and artisans, in this respect, come the 
children of business men: and above 
these stand the children of professional 
men. And within this highest class the 
sons of clergymen are no whit behind 
the rest. Even doctors and lawyers give 
no higher quota of children who come to 
attainment. In spite of the economic 
straits in which clergymen’s families are 
reared; in spite of what the anti-repres- 
sionist might call their utter damnation 
from snivelling Presbyterianism, Bap- 
tism and Methodism, the ministers’ 
households have proved to be nurseries 
of talent; in general, we have contrived 
none better. Repressions have been 
there on every hand. To the unpene- 
trating observer the air seemed heavy 
and stifling, from basement to attic. 
And yet something was present in the 
homes of these children which really 
gave them freedom, liberating in them 
what their fellows were to recognize and 
praise. Repression, then, while always 


uncomfortable and sometimes disastrous, 
is not the great source of disaster; it is 
not the reef on which most lives are 


wrecked. It is not the one fact in child 
hood to be feared above all else. 

Obviously repression is not the cl 
eause of crime; although in saying t 
one stems a latest current of the 
The trends of thought here shift tv 
daily, as though controlled from 
moon. Only yesterday was law-brea 
attributed mainly to degeneracy 
certain clear physical marks. But 
theory suffered because too few crim 
and too many law-abiding persons 
these very marks of degeneracy. ‘1 
erime, it was said, is due first of all 
poverty. Yet too often we find yo 
violators whose parents are by no mé 
in poverty ; indeed, America, the weal! 
est, the least necessitous of lands, | 
the world in crime. Still later the ea 
is thought to lie in lack of intellige: 
until facts put this, too, in its pla 
For too many of our criminals, young 
and old, have as high intelligence 
those who obey the laws. The most 
criminals indeed have an endowment 
intellect quite adequate to lawful li\ 
in our civil order. 

At the moment, we hear of repressior 
as the chief cause of crime, especial] 
the young. At the annual convention 
the National Parent-Teachers’ Assi 
tion in New York recently, a professor 
sociology spoke in the newest vein, t 
ing the great gathering of delegat 
more than a thousand strong, that tl 
excesses found in the youth of to-d 
are but a protest against coercion 
home and school. And at the 
smaller conference of experts in ch 
development, already mentioned, 


same thought was expressed, that d: 
quency is due chiefly to repression. 
Now if this were true, if in this tl 
chief cause had really been disclos 
then America should be the most 
abiding of lands. For our children 
home and school are the least repress 
in the world. And it is precisely « 
young criminals who have experienced 
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for the most part less than the least « 


parental repression among us. The these s 
great part of them have known no real f-1 A} 
home at all, but early were waifs and _ seems a sig f this s 


strays. 


And here we come into view of the one i 1 unwitting ster 
most important of all the causes. Other Crin n te extraordinary) 
facts doubtless weigh—inferiority of springs f  t pract bearing so 
physique, poverty, feeble-mindedness or common with us, namel; 
mental disease—but the one fact which son may properly 1 1 himself as 
by direct observation in school and _ supreme fact, for w ht rest of the 
juvenile court enters oftener than any world is but a limiting cond n. Men 
other is a lack of such training as comes women and things, he | ire but 
from the normal home. This training is __ stimuli for his respons 
not mere knowledge, to be picked up in We shall never be rad toward law 
the house or street or newspaper or pub-__ breaking until we destroy 1 roots; or 
lic library. It is not to be had, one rather, until we gr others strong 
regrets to say, in school, even in the among then In sel nd | 
advanced school; for the graduates of shall have to give our youth a rooted 
high school or college or university may attachment to the heart of the s 
10t have received it, and far too often enterprise itself At present among 
despise the social order. The unbroken teachers, scientists and laymen, the per- 
home is its chief single source; and with son is encouraged to see in the order and 
all the charges to-day against homes and institutions of society but flimsy cor 
parents, no equal substitute has yet been _ tions, to be brushed aside like cobwebs 
found for the plain home and the plain’ his way. He becomes boorish toward t! 
mother and father. Unnecessarily and _ subtle assistants of his life. He grinds 
even harmfully they may repress; and his hob-nails into the most 
yet commonly they more than offset fabrics of the spiritual loom. All things 
whatever damage comes from their re- but his own crude spontaneities he r 
pression. The more profound and per- gards as ‘‘bunk.’’ Our _ educatior 
manent injury to the child comes, not creed in the quarters fashioned by 
from the normal home or school, but sided individualism is to-day as narrow 


from those cracked shells of home and _ as those creeds of | 


parentage where the child finds the least day in \ h the individual thought 
restraint and is trained into no sure little but himself. It all bears a 
habit and purpose. He goes through sive egois! Mr. Haldane has recent 
life with chaotic impulses, which once said t S f Ame 
might have been given form and beauty. seems to t European sor t rut 
We may quite properly be afraid, less. One may venture to think that 
then, of repression, but still more may _ there is ert ruthlessness in Ameri- 
we fear weedy personal growth without cans not self-made but shaped by our 
repression and guidance. Indeed in our schools and | r Ame! rit g 
present education, behind which is our erally. W nevel 
traditional zeal for liberty, the greater recon ty and law, but h man 
danger is that we shall over-prize per- is airy t rd any ! 
sonal freedom and under-prize the bene- venient t self. America re not 
fits which come only from a civilized convine need—and the t r 
social order itself. In our lower and leaders most in vog ire taking aw 


higher schools we are tolerant of slovenly 


590 


—of loyalty toward such culture and 
cultural institutions as we have attained, 
still defective though they are. 

For only by a cultural order which 
centuries and millenniums were needed 
to create, and by the institutions of such 
an order, do we attain the very individ- 
uality, the very originality we prize. 
The eminent danger with us—not only to 
our laws, but also to our success in litera- 
ture, art, morals and religion—lurks in 
the ruthless form of our individualism— 
a form essentially wasteful of the indi- 
vidual is left untrained in 
expression and without substance to ex- 


because he 


press. In those regions where we Ameri- 
cans succeed most impressively — in 
wealth-making, in architecture and in 


science—our success comes by another 
attitude, not by swagger of individual- 
ity, but by individuality essentially mod- 
erated, tempered into respect for an 
order of things beyond the individual. 
Our marked achievement in amassing 
wealth, in building and in scientific dis- 
covery and application has come and 
comes from creative individuals, but 
from individuals who have had to submit 
to a great order outside themselves: who 
consent to it and find their consent is 
not an enemy but a friend to their self- 
expression. By their very submission, 
strange to say, they find themselves en- 
franchised and given the freedom of the 
realm. 

This attitude to be observed where 
originality most thrives is seen to involve 
an essential repression, but a repression 
which because it is in some deep manner 
accepted and approved and knit without 
rift into the personal structure is also 
without lasting protest and paralyzing 
rebellion. The weedy impulses—of the 
merchant to take what he wants, regard- 
less of trade principles and ownership; 
of the architect to build without heed of 
cost or use; of the scientist to follow his 
own sweet will and peer into things irre- 
spective of their significance for other 
minds, and to explain irrespective of 
other facts and of the canons of induc- 
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tion these weedy 


have achieved most 


impulses, where 
have been hand 
in a manner which Rousseau and P: 
fessor John Dewey and their near 
distant followers with diffic 


approve, 


might 
The native impulses have b 
given an unnatural form, a form 
social art. The here 
thrived, but has had to make its } 
with an external law and order. 
Our education, if it is to come to f 
tion, then, must recognize how glil 


spontaneous 


shallow is much of the patter about 
straint. There 
repressions ; and of some we must get 
and to others we must add 
There is no place here for wholes 
dreads and rejections. At a cert 
point one must plant his intellectual f 
and like some old schoolman abrupt 
say distinguo. The undiscriminat 
talk to students, parents and teachers 
as though children burst into bloom | 
mere removal such 
comes of loose thinking, of inexact ob 
vation and of that glamour which a | 

of anarchy has for some noble min 
The spiritual anarchist for whom 
external law is bondage has a good ca 
but hardly enough. Ame! 
surely need not stagnate or become 
slaved merely by becoming more resp: 
ful of law, whether it be in home 
school or nation—she with her larger 
margin of safety in this respect t! 

any other country. She can become e\ 

more free and creative, and at the san : 
time more order-loving. And only by: 
education can this be done. So that 
outlook will be dark indeed if teachers 


are repressions 


streng 





of econstraint- 


gor d 


and parents are bedeviled, by a limited 
truth of psychology, into a panic fi 
of all governance of the child. Th ] 


least repressed of peoples need not mak 
repression their bugbear. The very fr 


dom of the young can not be attain 


s 
except by what must involve some r 
pression; and if this becomes our b ' 
noire, we are apt to diminish rather t] 


increase the full round of things prop! 
tious for our children. 




















SUNLIGHT AND ITS MANY VALUES 


By Professor VICTOR E. LEVINI 





influence on mankind. To the race in 
c! lhood the sun was a god In tl ld 
mythologies the sun was personified and 
given human attributes It was als 
believed to be the chariot wheel . a 
vehicle driven by tl sun-god, Phoebus 
Apollo. 

Sun worship is not a thing of the past 
altogether. There is yet extant a ré 
lig s sect in Persia that still adheres 


to the practice. The American Indian 
still earries on his sun dance and prays 
to the great Sun Power. The soulful 
prayer of the Shoshone chief living on 
a reservation near Pocatello, Idaho, ré 

veals the faith held in the potentialities 
for happiness and health possessed by 


the sun: 


Great Sur Power! T praving for ‘ 
people that they may be happy in the summer 
and that ft may e t rh T 1 
winter. Many re sick nd in want Pity 
them and let them survive. Grant that the 
may live ng and hat bundar M we g 
through these ceremonies correctly is you 
taught our forefathers to » in the days t 
ire past If we make mistal pity us. Hely 
us, Mother Earth, for we dey l n you 
goodness, Let there be rain to water the 
prairies, that the grass may grow long and the 
berries be abundant. O Morning Star, when 
you look down upon us, give us peace and re 
freshing sleep. Great Spirit, bless our chil 
dren, friends and visitors through a happy life. 


May our trails be straight and level before us 


Let us live to be old. We are all your cl 
dren and ask these things with good hearts 


Sunshine is a very old remedy. The 
same instinct which led ancient people 
to worship the sun as a god led them also 
to a belief in the therapeutic value of 
sunlight. Since the earliest times men 
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The method of treatment through sun- 
light was sooner or later discarded and 
sank into oblivion. It was revived again 
about the eighteenth century. Unfor- 
tunately, it was at that time regarded 
as a means to be used only by the quack. 
To illustrate the regard in which helio- 
therapy was held, we may cite the case 
of a physician well known in his day, 
Dr. Lettsum, who prescribed sun baths 
in the treatment of tuberculosis. He 
founded the Royal Bathing Hospital at 
Margate, an institution for the treatment 
of surgical tuberculosis, which still con- 
tinues its beneficent activities. He re- 
ceived from his colleagues nothing but 
laughter and derision. There is a little 
poem about him that indicates their 
attitude. 

When patients come to I 

I physics, bleeds and sweats ’em 
And if they choose to die 

What’s that to I? I Lettsum. 


In 1774 Faure advocated exposure to 
sunlight for the treatment of chronic 
ulcers of the limbs. In 1815 Chauvin 
published a work on ‘‘Insolation’’ in 
which he urged the use of the sun for all 
diseases associated with feebleness, ex- 
haustion and apathy. The names, how- 
ever, that stand out most conspicuously 
in actinotherapy and heliotherapy are 
Finsen and Rollier. It is mainly through 
their efforts that it has come to be recog- 
nized that sunlight itself or the ultra- 
violet ray is a very important factor in 
the treatment of disease and in the devel- 
opment and maintenance of health. 

The advent of the sun in scientific 
medicine is no less glorious than that of 
the microscope, antisepsis and anesthesia. 
Its reintroduction into modern therapy 
is a decided contribution, and constitutes 
a whole new chapter in the history of 
medical progress. 

The first modern institute for the 
scientific treatment of disease by means 
of light was established by Niels Finsen 
in Copenhagen. For years his work re- 


mained unnoticed and unappreciated 
After the publication of his bo 

‘*Chemische Lichtstrahlen in der Medi- 
zin,’’ physicians gradually turned their 
attention to his methods. Finsen den 
onstrated beyond doubt that lupus vul- 


can be cured by the action of ultra-viol 

rays on the affected parts. When Finsen 
died in 1904 his work had become suffi 
ciently recognized to induce the Danish 
government to establish the Finsen 
Medical Light Institute. It is now 
directed by Dr. Axel Reyn and continues 
to be a center of attraction for physicians 
and patients the world over. 

Another mighty personality that looms 
large in the development of sun tr: 
ment is Dr. A. Rollier. In 1904 he esta! 
ished an institute for treatment by sun 
light. It is situated in Leysen in th: 
Ormonts Valley of the Swiss Alps. His 
famous sun baths have proved most 
beneficial to sufferers from chronic 
ulcers, from anemia and rickets, and 
from several forms of tuberculosis of t] 
skin, bones, joints and glands. 

Rollier has gone even a step beyond 
attempts to cure. He has entered t 
more vital field of prevention. Childr 
with reduced powers of resistanc 
brought on by various diseases such a 
measles and whooping-cough, who are i! 
danger of developing tuberculosis, are 
boarded at the Rollier school. They cor 
duct their studies in the open air for 
two hours every day and with clothes 
consisting of no more than a loin cloth 
linen hat and a pair of shoes. They rest 
for two hours every day and fill in th 
remainder of their time with nature 
study and Swedish drill. 


Let us delve a little into the nature of 


sunlight. The ether is traversed by a 
great variety of electromagnetic waves 
f various length. The longest of these 
are the Hertzian waves, the so-called 
radio waves which possess the ability to 
earry sound into every home. These 























waves may be many miles in 


They are invisible. 
variety of wave-lengths are the infra- 
red rays of the spectrum. 
waves are the ultra-violet rays and yet 
still shorter in wave-length are the lumi- 
nous rays of the sun. The shortest rays 
are the X-rays or Roentgen rays and the 
gamma rays from radium. 

The unit of measurement adopted for 
measuring the wave-lengths of various 
rays is the Angstrom unit, which repre- 
sents one ten-millionth of a millimeter. 
The table below gives the wave-length of 


the different kinds of rays known 


Wave-length 


Angstrom unit 


Kinds of rays 


Gamma rays from 

radium t l 
Roentgen rays to 5 
Extreme ultra-violet 

radiation to 2,000 
Middie ultra-violet radi 

ation 2 to 
Near ultra-violet radi- 

ation to 4, 
Visible radiation 7,8 to 51 
Electric waves, wireless 

telegraphy radio 5 million units to 

waves 

The emanations from the sun make 
up a mixture of rays of different wave- 
lengths. The sun’s rays are either 


Newton made the 
pioneer observation that what is called 
light variety of 
colors, the familiar spectrum when light 


visible or invisible. 


white consists of a 


is passed through a prism. One color 


from another only in wave- 


The white light or visible spec- 


differs 
length. 
trum is only a portion of the rays com- 
the Beyond the visible 
red rays there is an invisible infra-red 
region 


ing from sun. 


made up of waves of much 


higher wave-length tl 
visible Beyond th 
violet rays, the ul 
region with rays much shorter than the 


an the rays of the 


} : ] 
he visible 


spectrum. 


there is tra-violet 


rays of the visible spectrum. 


The next shorter 


Still shorter 
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boxes exposed to bright sunlight, never- 
theless. develop this disease. In the last 
few years new types of window glass 
have been made. These are now being 
used in some hospitals and sanitaria. <A 
hotel in Chicago has recently equipped 
its guest rooms with this new type of 
window glass. There is no doubt that 
in the very near future the old window 
glass will be universally discarded for 
the glass that allows the ultra-violet rays 
to pass through. 

The amount of ultra-violet that finally 
reaches us depends also on the season of 
the year. There is much more ultra- 
violet in the summer months than in the 
winter months. In July and August the 
ultra-violet content of sunlight is of 
maximal value. In December and Janu- 
ary the ultra-violet content of the sun’s 
rays is minimal or less than 5 per cent. 
of its maximal value. 

Lack of ultra-violet is believed to be 
partly responsible for the increased rate 
in sickness and death during the winter 
months. The sun is practically dark- 
ened for more than half a year. As a 
result of indoor living brought about by 
inclement weather during the winter 
months, the little sunlight available is 
hardly utilized at all. It is the lack of 
sunshine that is responsible at least 
partly for people weakening physically 
during the winter months and succumb- 
ing easily to disease. Pneumonia, influ- 
enza and the common cold are most 
prevalent in those regions where and 
in those seasons when there is least 
sunshine. The statistics kept by the 
U. 8S. Department of Commerce show 
an interesting interrelation of mortality 
rate to sunshine hours. Plotting the 
eurve for death-rate and sunshine hours, 
let us say for the years 1922 and 1925, 
we see at a glance that the death-rate 
increases as the months grow darker 
and decreases as the sun returns. Even 
spring fever with its feeling of aim- 
lessness and lassitude arrives at the end 


of a long period of practically sun 
days. The feeling is often 1 
rainy or foggy and cloudy days 
winter or any other time of 
and is often described as the under 
weather feeling. It very often 


; “4s 
wom wiht vainebins e 4 
pears with the coming out of the s 














ths 


The fact that the winter mon 
accompanied by a marked increas 
morbidity and in mortality should 


us to the use of artificial sunlight dur 


those months. Especially is such us 


dieated fo1 peopl with subnormal! 
and health. Maughan and Smiley | 
shown that during winter months tr 
ment with ultra-violet reduces tl 
dence of the common cold about 40 
cent. 

Sunlight has many values. It a 
considerably to general well-being 
improves the body metabolism 


plant, animal or human being could 











without it. It invigorates physica 


It enhances mental powers and bring 
the front the more positive and sti 
lating emotions. 


The sun’s golden lancers 


Were watching the dancers 


Down in the meadow one day, 
When the buttercup said, 
**T’ll wager my head 


~ ) 


ry 
Ali 














I’m brighter than you are to-day. 


‘¢ And what do you think’’ 
Said the | s with a wink. 
‘Has made you so strong and so gay?’’ 


Sunlight is a powerful bactericide. It 
also plays a great part in the develop 
ment of immunity. It raises markedly 


+ 


our resistance to local or general infec- 
tion. It helps to build the hemoglobin 
and the red cells in the blood, and 

serves to keep the eoagulability of 1 

blood up to normal. It improves thi 
excretory function of the skin, giving 
rise to a healthy skin, soft, velvety and 
slightly moist. It keeps the muscles and 
nerves of the body in tone. It thers 
fore gives bodily poise and prevents 
overweight. Sunlight is God’s way of 


preventing disease. 


Some look for health in pills 
And some in rules; 
Some grope for it in stuffy, 


Cheerless schools, 


But from the wind-swept fields, 


**Your health lies neither there 


O} temy late the 1es, 
I k I say! 

And chase Ir tent 
Humbugs t way 

The sun } spread her 


Golden vesture down, 


And bids you to her picnic, 


Sunlight has proved of great value in 
the treatment of disease. Medicine is 
getting away from drugs. As a matter 
of fact, the pharmacist is now compelled 
to make a living by selling articles other 
than drugs. The prescription counter 
now occupies a little obscure corner of 
his establishment. We are getting to rely 
more and more for the maintenance of 
health or for recovery from disease upon 
the three greatest of modern physicians, 
Dr. Sunlight, Dr. Diet and Dr. Quiet. 
In tuberculosis, in infantile tetany, in 
rickets and in anemia, sunligl.t or ultra- 
violet has remarkably favorable effects. 
In the treatment of chronic ulcers of the 
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lar to it. This substance has the power 
to absorb ultra-violet and to hold it for 
future biologic use. Several food com- 
panies have already caught the possibili- 
ties of adding nutritional value to their 
products and have already put on the 
market irradiated foods. 

A very striking and interesting effect 
of sunlight or of ultra-violet and even 
of substances like ecod-liver oil that con- 
tain vitamin D is its ability to increase 
the acidity of the stomach. The stomach 
under normal conditions has a certain 
amount of hydrochloric acid. This 
amount of acid serves to destroy bacteria 
which enter the stomach by way of the 
mouth and by way of the large intestine. 
Without this acid or with too little acid 
in the stomach and intestines, bacteria 
find their way into these organs, pene- 
trate the walls, circulate in the blood 
and start an infection somewhere in the 
body. When a person is unable to dis- 
infect himself on account of insufficient 
acid in the stomach he is in danger of 
harboring infection. 

The acid of the stomach washes down 
into the upper part of the small intes- 
tine and keeps that part of the ali- 
mentary tract in an acid condition. 
Intestinal acidity is very essential to the 
health of a person. When the upper 
part of the intestine is neutral or alka- 
line, not only does it become highly bac- 
terialized, but the calcium, phosphorus 
and iron of the food fail to be absorbed 
and pass out of the body unused. 

As a result of inability to use calcium 
and phosphorus, a child develops rickets 
or infantile tetany. As a result of in- 
ability to use iron a young person or an 
adult is sure to develop anemia. Anemia 
in the child or in the adult is more com- 
mon in winter than in summer. The 
symptoms of anemia are also severer in 
winter than in summer. 

The value of ultra-violet in the treat- 
ment of anemia has again been recently 
demonstrated at the Iowa State College. 
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Dr. Jongewaard observed that two t] 
of the to thi 


ea 
secondary anemia, the hemoglobin r: 


girls comin clinic 
ing from 50 to 70 per cent. He ad 
these girls to take a diet rich in hem 
to | 
early and to stay out of doors as mu 
as possible. He also treated them w 
ultra-violet rays. His findings have 
him to the conclusion that sunshine is 


globin-building material, to go 


part of nature’s mechanism for promot 
ing the assimilation of iron and for tl] 
production of hemoglobin and red e¢ 

Sunlight serves as a mental and em 
tional stimulant. It has a tonic effect o1 
the mind. Mental tests for children 
England attending sun classes bring « 
the fact that as a result of mere exposu 
to sunlight the pupils showed mark 
improvement in mental capacity and 
general alertness arising from rapid 
ordination of thought and action. S 
Henry Gauvain in his work at the Li 
Mayor Treolar Cripple’s Hospital 
College at Alton, England, 
the London school children and the e1 
pled lads who did not take sun bat 
averaged one year in mentality beh 
the tuberculous children who w 
treated by light. 

At the commencement of the su 
classes in the English observations, man} 


} 


note ad TI 


of the pupils were listless, tired or laz: 
As the sun continued, they 
gained in self-confidence, in self-reliance 
and in powers of observation. The 
finally developed 
corps, increased vitality and initiativ: 


classes 


excellent esprit 
Aimlessness and lassitude disappeared 
and the children manifested a constant 
craving to tackle a set piece of work a1 
to get it completed. 

Sunlight or ultra-violet light also 
favorably influences the emotions. It 
exhilarates and induces a sense of gaiet) 
and well-being. It dissipates gloom and 
depression. Few people commit suicid 
on days of sunshine. Most of the sui- 


cides occur on drab days and during the 























sunless winter months. In this connec- 


tion it is apropos to cite Norman Davey: 


The sun is a dispeller of ill-humor. He is t 


er, the | g H t yt 
tor of the troubled mind He is the best 


apothecary in the world. There is no tonic sold 


for gold over any druggist’s counter so rem 
as that celestial pick-me-up which is poured 


for nothing each morning over that wide counter 


which is the brim of the earth. 


On the walls of Dr. Rollier’s consult- 
ing room in his famous light sanatorium 
the famous inscription is to be read: 
De toutes les fleurs la coeur humaine est 
ce quia le pl is besoin de soleil 

Keyserling in the 
Philosopher’’ exclaims, 


sé 


Travel Diary of a 


What would man be without sun? He would 
not exist at all. The whole of his being is su 
produced, sun-born, supported by the sun and 
withers when the mainspring of life turns away. 
The more I advance in recognition the more I 
profess sun-worship myself. During these ter 
rible months when the sun only throws a hasty, 
disdainful greeting upon Esthonia.. . the 
curve of my life declines every time. My body 
5 : : 


feels ill, mv vitality decreases, my soul loses ir 


tension. And conversely, periods of my highest 
creative power always coincide with the longest 


7 


aavs, 


Youth must live in the light. It is 
therefore no wonder that great artists 
have endeavored to depict on the same 
canvas the spirit of youth and sunshine. 
Vincent Homer, George Bellows and 
Krank Benson have awakened throug! 


: ° . . 
ionging tor the spon- 


their paintings the 


taneous enjoyment of outdoor life, of 
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A CAPTIVE-BORN CHIMPANZEE 


By BESSIE A. WHITE 


SECRETARY, LABORATORY OF COMPARATIVE PATHOLOGY, PHILADELPHIA ZOOLOGICAL SOCIETY 


‘*THERE he is, and I wish you luck!”’ 
With these cheering words did a tired 
and nerve-wracked keeper place in my 
outstretched hands 1,720 grams of cold, 
starved, cage-dirty anthropoidism, just 
forty-eight hours old, and with forty- 
nine centimeters of atrophied umbilical 
cord still attached. Two days before, on 
October 1, 1928, our fine, big chimpan- 
zee, Marianne, had given birth to this 
baby, and although she seemed to be a 
very tender and adoring mother and 
very solicitous of her offspring in all 
other ways, she made no attempt to nurse 
it or even to take it up in her arms. 
She herself missed not one feeding, even 
the day it was born. She sat by it, 
crouched in a protecting attitude, and 
when she did move away, the faintest 
whimper brought her hurrying back to 
nuzzle it and respond to its cries with a 
soft, purring note. For two days she 
was left undisturbed, in the hope that 
the nursing instinct would dévelop suffi- 
ciently to prompt her to take the little 
one up against her breast; but as the 
little body grew steadily colder and the 
cries weaker, it was decided to take him 
from her and try artificial rearing. The 
little mite was apparently oblivious to 
his surroundings, but even as I softened 
with vaseline the dried accumulations of 
meconium, and prepared to wrap him in 
wool flannel, he clutched my apron with 
a strong grip, which little act promptly 
transformed him, in my mind at least, 
from a newborn chimpanzee to a forlorn 
little baby, desperately in need of a 
mother. A full scientific description of 
his size and general appearance at this 
time will be found in an article by Dr. 
Herbert Fox, ‘‘The Birth of Two An- 
thropoid Apes,’’ Journal of Mammalogy, 
February, 1929. 


After one and one half hours exp 
to a warm October sun, a rectal tl 
mometer was inserted. It did not reg 
ter. External heat was applied in 
form of hot water bottles, and the litt! 
body was held in a warm oven sever 
times for two or three-minute intery 
Later an electric stove was placed so 
heat was reflected directly upon | 
At 4:00 P. M., the thermometer 
again inserted, with the same result 
The external heat was continued, h 
ever, and by 5:30 P. M., he was p 
ceptibly warmer. His temperature at 
this time was 97.6° F. 

He voided urine frequently, but | 
no further stool after being taken fror 
the mother until he was given a half 
teaspoonful of milk of magnesia on his 
fifth day. This brought a large, dar! 
brown stool, showing traces of meconiun 
From then on, all stools were of a brig 
yellow, soft-formed, and averaging th: 
of about two ounces each in twenty-f 
hours. 

Feeding for the first forty-eight hours 
after he was received at the laborator 
was by means of a medicine drop} 
swallowing being induced by tipping 
the head back or massaging the throat, 
sometimes both. Some of the first few 
feedings were regurgitated, but by e\ 
ning he was retaining all of it. On tl! 
advice of Dr. J. C. Gittings, he was giver 
evaporated milk diluted with six parts 
of water, one half ounce being all he 
could be induced to take at atime. This 
was given every two hours, day and 
night. Early on the third day of this 
artificial feeding, he suddenly began 
searching excitedly with his mout! 
Lest he lose the inspiration, an empty 
nipple was quickly thrust between his 
parted lips. He sucked vigorously for a 
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minute while a hastily prepared bottle 
was being attached to the nipple. His 


medicine dropper feedings were over. 
The attention he gave that bottle would 
please the most anxious mother. At the 
age of one week, he was taking from ten 
to twelve ounces of diluted milk in 
twenty-four hours. 

During the first three weeks. he lost 
weight, dropping from 1,720 grams to 
1,440 grams. On the twentieth day, on 


half teaspoonful of cane sugar was added 


to the daily quantity of milk formula, 
and at the age of four weeks, he weighed 
1574 grams; at the end of the second 
month, 2.136 grams; third month 2,514 
2,923 


grams; fifth 


grams; fourth month 


» 


month 3,220 grams; sixth month 3,544 
grams Experience showed that the 
sugar, while it seemed to promote a gain 
in weight, could be increased only very 
gradually, and at the first sign of diar- 
rhea was cut entirely until the stools 
were again normal. At the age of six 
months, one and one half teaspoonfuls 
to the daily quantity of formula, twenty 
ounces, seemed the proper amount. 

Early in January, raw, unpasteurized 
milk, diluted to correspond with the 
evaporated milk formula, was _ substi- 
tuted for one feeding a day. As no 
unfavorable results followed a few days 
of this, the raw milk was used exclusively 
thereafter, with the exception of a few 
days when it was deemed wiser to boil 
the milk because of a slight diarrhea. 

At the age of four and one half 
months, a tablespoonful of oatmeal gruel 
was added to one feeding a day, and 
two weeks later, the yolk of an egg was 
added to the day’s formula twice a week. 
Vegetable purees were then tried, first 
spinach and, later, pea, but these were 
effectively scorned. Nor did these latter 
foods meet with any greater favor with 
our older chimpanzee ‘‘Lizzie’’ and the 
gorilla. 


Considering the six months as a whole, 
there was really very little trouble with 
the digestive tract, and, as we learned 
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Early in December he 
at the mouth after t mar 
ing babies His first 
lower incisor ired 
when he w Imost f 
The left was roug 
Nearly a month later, ) 
right upper incisor was pl 
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lowed ten days later by the left. Three 
days later, the lower left lateral incisor 
appeared, and the right was all but 
through at the time of his death on April 
12. During this teething period he 
seemed anxious to bite on any firm sub- 
stance within reach, but at no time was 
there any marked swelling or other sign 
of undue inflammation. 

During the early weeks, although his 
eyes were wide open and bright, he was 
apparently incapable of focusing his 
vision. His hearing and sensitiveness to 
touch, however, seemed very acute. At 
the slightest sound or the most careful 
adjustment of his covers, he would start 
violently. At the end of the first month, 
his eyes seemed to have more expression 
and he appeared to be beginning to cor- 
relate sight and sound. If a person 
stood at the foot of his basket and talked 
to him, his eyes would be directed at 
that person. If the person moved away, 
but ceased talking, his eyes would remain 
directed as before; but if the person 
resumed speaking after moving, the 
baby’s eyes would almost invariably fol- 
low the sound. At the age of six weeks 
there seemed to be no doubt that he could 
foeus his vision. 

By the time he was two months old, 
he would frequently give a short respon- 
sive bark or grunt when spoken to, and 
sometimes tried to imitate the ‘‘ooh-ooh- 
ooh’’ of his elders. He seemed to enjoy 
attention just as a human baby does, 
and favored us with his first smile at the 
Whether he preferred 
men to women it is impossible to state, 
but certainly he responded more readily 
to a man’s voice than to a woman’s. 

By this time he had developed a vigor- 
ous temper, and did not hesitate to dis- 
play it if his bottle was too long delayed 
to suit him. He would start with a series 
which reach a 


age of six weeks. 


of grunts, would soon 


high-pitched ‘‘ooh-ooh-ooh,’’ and then a 
of shrill 
that they usually choked him into a few 


succession screams so intense 
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seconds of breathless silence. As s 
as he recovered his breath, the s 
tactics were resumed until the des 


At this ag: 
seemed to recognize the keeper and 


bottle was forthcoming. 


regardless of whether we were in 
working uniforms or in street cloth 

He certainly seemed to have two t 
of response when spoken to. To 
McCrossen and myself, and a few ot! 
he returned a soft, sometimes thr 
*fooh-ooh-ooh,’’ but to certain others 
replied with a sharp, excited bark, wv 
must have indicative of dis) 
because later when one of these men 
part of the care of him, he grad 
tempered his response to him from 
shill bark to the friendly greeting 

reserved for those who had the 1 
intimate care of him. 

Nor were his discriminatory pow: 
limited to persons. He very « 
learned to associate a 
liver oil, and fought vigorously ag 
taking anything by that method, wu 
‘‘primed’’ by a taste from a 
dipped in the food. 

During the first few weeks, he v 


been 


spoon with 


lie in his basket in the position in w! 
he was placed, but soon showed a d 
preference for lying on his back 
liked to be held, his favorite posit 
being upright against a person’s sh 
der. During the fifth and sixth mont 
he remained awake much more dur 
the day, and then would frequently t 
from his back to his side and back ag 
in his play, often pulling on a bar 
other object to help himself over 
of rope, some with teething rings 
other toys tied to them, were suspe1 
within convenient reach, and thes 
were frequently used to help hi 
about. A popular position was to 
on his side and raise his head and sl 
ders, supporting himself on his for 
In the matter 
ment of 
probably 


‘f activity and dev 


b 


locomotive powers, this 


missed his mother fully 
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much. if not more than in the matter of 


nourishment The baby  orang-utan, 
‘Lueky,’’ only six days older than this 
baby chimpanzee, ‘‘Julius,’’ was able at 


the age of three months to cling to the 
bars with all four limbs, and get about 
by himself as far as his solicitous mother 
would permit. ‘‘Julius,’’ on the other 
hand, missed the rough-and-tumble 
handling that was the lot of the little 
orang-utan from his second day in the 
world, when the mother orang calmly 
draped him across her hip and left him 
to cling for himself while she moved 
about the cage. This enforced use of his 
muscles certainly must have gone far 
toward developing them. Nor does he 
seem to resent this schooling in self- 
reliance. If he crawls too far away to 
please ‘‘ Maggie,’’ his mother, she reaches 
out with either arm or leg, grasps him 
by the most convenient part and re- 
trieves him. I have seen her cup her two 
feet about his little head and pull him. 
At such times he evidently thinks co- 
operation is the wisest policy, because he 
usually grasps her hair, thus relieving 
the traction on himself. All this gym- 
nastie play little ‘‘Julius’’ missed, be- 
cause monkey-house keepers and labora- 
tory assistants, as a rule, do not have as 
much spare time as does a captive orang. 

Seratching—characteristie of all ani 
mals, but perhaps more closely associated 
with the primates—was first noticed in 
thi; chimpanzee at the age of three and 
one half months, feeble but unmistak- 
able. It would seem that this must have 
been an impulse of the fingers rather 
than the consciousness of any need of it, 
because he would perform the same ser- 
vice on the arm or face of a person hold- 
ing him and with equal attention to 
technique. During the first six weeks, 
he would all too frequently scratch his 


face in an alarmingly vigorous, but alto- 
gether different manner. The outspread 
palm would, either by intention or acci- 
dent, come in contact with his face, and 


immediately the flexcd fingers wo 
drawn down the face as though to 
away something that might be am 
him or obstructing his vision 
resulted in many little abrasions, 
which. at the left side of the base of 


nose, after many disturbances of 


scab, developed into one of the dar 
mented spots so common on the 

these animals. There may be son 
nificance to the fact that after the 


f focusing his vision seemed d 


established, this little mannerism of 
scratching ceased. 

No human baby ever enjoyed t! 
quisite flavor of his toes any mor 
did this tiny ape. As soon as tl 
morning bottle was finished and 
returned to his bed, he always m 
to capture one foot, and holding 
his mouth with both hands. would 
and suck on it to his heart’s cont 
During the process of restoring the 
ratory work-room from an impro 
nursery to its normal appearance, 
difficult to pass his box without paus 
for a word. Immediately the foot w 
withdrawn from his mouth and | 
ereeted with a face-wide smile, usu: 
the foot being generously offered to 1 
for a taste. However, when I apps 
at his side with my coat on, the sign 
that he was about to be taken bac 
the monkey house for the day, all pl 


was promptly abandoned and he imme: 


ately became very tense. If I didi 
take him up at once, he would hol 
both arms, purse his lips and begi 


sott ** ooh ooh ooh.’’ a pertect pireture 


anxious pleading. Whether the pres 


ence of the coat had any effect on hi 
or not, it is impossible to state. T! 
interval between the first bottle and 
removal to the monkey house was ab 
the same each day. Perhaps it 
coincidence that he was tired of lying 
his box after that length of time, a 
wanted to be taken up. Again, per! 
he had learned to look for that little 
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THE CHIMPANZEE ‘‘JULIUS,’’ AT THE AGE OF FOUR AND ON} . 
iciie: eine 

dent in his daily routine just as he looked wung 

for his feeding. On the other hand, no jungles, leaving tl! 

matter how many times I stopped at his ology ology and 

box. he seemed contented to lie there and *"OLog@ les S aeatl os 

play until I appeared with the coat on Tl st question 

When the return trip from the monkey mind « read ! 

house to the laboratory was made in the why S ottle . 

evening, he was usually asleep, and W1 d 

roused only partially as he was taken up baby \iany neories ! ! i 
This fascinating picture of babyhood, vanced, but none can be roven the 

differing from the human only anatomi- correct e smi 

cally, was progressing serenely until the monkeys a! nown to eat 1 nta 

end of the sixth month. when clouds ap shortly afte) Sex « his? 

peared on the horizon. <A restless night ‘‘Marianne,’’ did not eat t cent 
fever—two weeks of illness and sus at this birt nor did s ob 
pense—and on April 12, the soul of the jection n it s rel 


only captive-born, bottle-fed chimpanzee cag 





y6H4 


she had very evidently mouthed it, per- 


as shown by 
head 


fallen, 


haps sucked blood from it. 
her face after having her 


had 


afterbirth 


blood on 


down in the straw where it 


and 
Neither 


mother, 


tears in the 
‘*Maewie,’’ the 


attempt to eat 


also. by 
did orang-utan 


hers, 


her 


make any 


but simply severed the cord witl 

teeth after approximately twenty-eight 
hours and pushed the placenta over 
against the door of her cage, as she 


might do with anything she didn’t want 


Lactation in ‘‘Maggie’’ has apparently 


normal, and she has been 
Dr. H. H 
the 


the opinion that perhaps the presence of 


been entirely 


a model mother Donaldson. 


when consulted in matter, expresed 


+ 


members of the Garden 
personne! ** Mari 
by depriving her of the privacy 


How 


ever, both the inner and outer cages have 


and 


Visitors 
may have disturbed 
anne’ 
she might be expected to seek 
dens to which she could easily have re 
tired had she so desired; but when it was 
doubt that 
labor, she still remained in the most ex 
Donald- 
separation 
the 


frightened 


known beyond she was in 
posed part of her quarters. Dr 
son suggested further that the 
of the 
height of 
her and made her unduly apprehensive 


male and female at almost 


labor might have 


It is highly probable that ‘* Marianne’s 


neglect was due to a combination of 


causes and it is the opinion of the writer 
that her vouth was no small factor 


That she was not entirely lacking in 


maternal instinct is shown by the fact 


that she euddled and mouthed the baby, 


showed deep coneern and solicitude 


when he eried, and resented his being 
taken from her Mr. J. L. Buek, who 
brought her from Africa when she was 


approximately three vears old, tells how 
at that 
chimpanzee in the 


time she ‘‘mothered’’ a smaller 


same group, cud 


dling him to her breast and struggling 


valiantly to carry him about, even 


though he was not a great deal smaller 


herself, and well able to walk 


than 
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Her own offspring she made no 
to pick up 
In like 


chimpanzee, 


manner ‘*.Josephin 
presel ted TO The 


Gardens by Mr 


‘*mothered’’ little two-vear-old 
poleon”’ when He Was How 
cage. At first, the little fellow’s 
were necessarily limited, lest hi 
too tired from the unaececuston 
ment and play Josep ! 


learned that attempts to ent 


the other ot 


ment of the cage were for the se 


pose of separating them, and shi 
Ways on the alert to prevent this. — | 
seen her take up a position best 
0 that he Was lit l hey », 2 
bark and wait: but ‘‘Nap ! 
tinued with his play She tur 
him a sharp slap on the back 

and resumed her position of 
‘*Napoleon’’ was evidentl S 
where he Was, but thoroug!] 
stood what was expected of hn 
beat the floor with his hands 
screamed a few times to register | 


test, but nevertheless scrambled 
to her back and was borne av 
outside cave 

kor some time before ‘‘.Jos 
came to the Garden, she | 


Schmidt's monkey as a cage mat 


little creature also served as ai 
for ** Josephine’s”’ maternal nist 
She earried him about, clinging 
breast, wherever she went Cn 
they were placed nS arate cages 
morning found both cages broken 
and *‘Josephine’’ cuddling her 
baby as usual ‘Josephine’? was 
questionably a nullipara, having 
brought from Africa before s| 
fully adult; but the maternal ins 


was surely a large part of her emot 
make-up. Unfortunately it was not 
sible to give her an opportunity to bi 
in the three and one half vears she 


at the Zoo 

















A 


However, the instinct to cuddle 
rotect the voung seems not confine 
the Temales The above mentioned 


four vears old. 


wleon.’’ now about 


lowed to approach this baby of his ow: 


nd. immediately tried to take 


When he found this was not allowed 


put both arms aroured it and pattee 
gently When the baby eried, he 

ened his embrace and speeded up 
patting. The baby grasped the hair 


s arm, and although ‘* Napoleon 


s 


ttention was soon attracted elsewher 


held the captive arm perfectly s 


ind made no attempt to free it from 


baby fingers Qn the other hand. 


one babv to another, these apes seem 


¢ 


th 


too human. Little ‘‘Orphan <Annie,’’ 


; 


e vear-old orang-utan, Was no 


ventle, and while she would touch | 


very rently at first. she would SIVIN 


atch for a chanee to pull his arm 


ov: but her chiet delight Was To st 


his covers with which she immediat 


Sf 


1th 


or 


proceeded To adorn herself Tl eC baby 


himself watched these other animals vi 


ir \ 


solemnly and made no attempt to play 


vit] them 
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THE PROGRESS OF SCIENCE 


IN HONOR OF MR. EDISON 


Tris ceremony Is a part of the cele 
bration of Mr. Edison’s invention of tl] 


electric lamp It is also 


of the Edison Institute of Technology, 


i 


the gift of Mr. Ford Both are in facet no ng this 

national tributes to Mr. Edison nventions \ha 411s 
The multipleation otf the amount ot standing strat n « 

hieht in the world a thousandfo!ld Ss model met d and svst 

worthy of celebration, for darkness is a by which ] 

forbidding limitation upon righteous’ organized hor 

human activities forms tl 


1 } 


When Mr. Edison invented the electric knowledge into n how 


lamp he may perhaps have thought just of mal 


to produce plain light and more of it at In the earlier times, n nm 
less cost. JI surmise that his wildest tion had been tl] nfrequent and 
ambition was to relieve the human rac hazard product of genius 
from the curse of always cleaning oil = shed But seience has 
lamps, serubbing up candle drips and sophisticated a being to b 
everlastingly carrying one or the other surroundings Nowadays thous 
of them about. He may have thought to applied science laborator support: 
add safety to Chicago against a second _ by industries of our count: 
accident from an oil lamp duce a host of me nvention 

But the eleetric lamp has found in I can perhaps illustrate this 1 
finite variety of unexpected uses It method of invention 
enables us to postpone our spectacles tor natura aws ot eleetrient ‘ ad 
a few vears longer; it has made reading covered three quarters of 
in bed infinitely more comfortable; by by Fara Hertz, M 
merely pushing a button we have intro- great investigators in the 1 
duced the element of surprise in dealing physics and mathematics 
with burglars; the goblins that lived in covered that enere by 
dark corners and under the bed have formed into 
now been driven to the outdoors: evil Tol 1 Tieo! 
deeds which inhabit the dark have been renerat Vas ¢ ! 
driven back into the farthest retreats of discovel s ot hist 
the night; it enables the doctor to peer It is related that Mr. G 
into the recesses of our insides: it sub induced to visit Fat 


stitutes for the hot-water bottle in aches see this new scientific contraption. W1 


and pains ; it enables our e€1tT1es and Gladstone S Salad 


towns to clothe themselves in gaiety by acteristie practical mat ! W 
night, no matter how sad their appear this ever be of use to mankind I 
ance may be by day. day replied, ‘‘Some da 

And by all its multiple uses it has taxes fron ie 
lengthened the hours of our active lives. Mr. Ediso using org 
decreased our fears, replaced the dark atic laboratory researc! s been o1 

1 Address given by President Hoover at Ds the great leaders who | rted ( 
born, Michigan, on October 21. pure phvsies of , , ‘ , 








VOSIUM VATIV SVINOHL JO YONOH NI MOOULS TIVGAN IVNOISSHHDNOO 
(y Paqyrwossy 





- 





MONTHLY 


+ ane ' 
oe 

woes RLF gee 4 + 

RF a + ag ff ' i 


i 


SCIENTIFIC 


‘ 
4 


THE 








DOS 






THE 





* +] 


product To-day the governments 0 


world levv upon upward of $60,000,000 


OOO of new wealth founded upon elec 
tricity 

But the taxes and new wealth are not 
the major accomplishments of the met 
of this genus. These are the rivers of 
sweat saved trom the backs of men and 
the infinite drudgery relleved from the 
hands of women 

| mas emphasize that hot] sclentifie 


discovery and its practical applicatiol 
are the products of long and arduous 
research. Discovery and invention do 
not spring full-grown trom the brains of 
men The labor of a host of me hn, great 
laboratories, long, patient, scientifie ex 
periment build up the = structure o 


knowledge. not stone 1 stone. but par 


} 
ticle by particle This adding ot fact to 
fact some day brings forth a revolu 


tionary discovery, an illuminating hy 
pothesis, a great generalization or a 
practical invention 


Research both in pure seience and in 


its applhieation to the arts is one of the 
most pote nt LIN} ulses TO progress kor 
it is organized research that gives daily 


Improvement in machines and processes 


in methods of agriculture. in the protee 


tion of health and in) understanding 


Krom these we gain constantly in better 


standards of living. more stability of en 


plovment, lessened toil lengthened 
human life and decreased suffering In 


the end our leisure expands, our interest 
in life enlarges, our vision stretches 
There is more joy in life 

It is the inereasing productivity of 
men’s labor through the tools given us 
by science that shattered thy LOOM’ 
prophecies of Malthus 

More than a century ago that great 
student held that increasing population 
would outrun the food supply and star 
vation was to be the inevitable exeeu 
tioner of the overcrowded eartl 


But sinee his day we have seen the 








paradox of the growth of population far 





bevend anything of which he = ever 
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MME. CURIE AND PRESIDENT HOOVER 
A PHOTOGRAPH TAKEN AT THE BUILDING OF THE NATIONAL ACADEMY OF 
DENT HOOVER PRESENTED MME, CURIE WITH A FUND FOR THE PUR‘ 
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dedicated to edueation and seientifie re rreat benetactions | 
search mal d. bu si } 

And scientific research means more he has brought t ‘ it! \ 
than its practical results in inereased Edisor by his owl re} < . 
living comfort. The future of our na rose from modest beginnings — 
tion is not merely a question ot the ship among the leaders of 1 His 
development of our industries, of redue vives renewed confide) that out 
ing the cost of living, of multiplying our — stitutions hold open the door 
harvests or of larger leisure. We must tunity to all those he 
constantly strengthen the fiber of na Our eivilization is mu ea garde} 
tional life by the ineuleation of that It is to be appraised by the qual ( 
veracity of thought which springs from its blooms. In degree as we fertilize its 
the search for truth. From its pursuit soil with liberty, as we maintain d 
we shall discover the unfolding of gence in eultivation and guardianship 


beauty, we shall stimulate the aspiration against destruetive forces, do we tl 

for knowledge, we shall ever widen hu produce those blossoms, the frag 

man understanding. whose lives stimulates renewed 
Mr. Edison has given a long life to deavor, gives to us the courage to 

such service. Every American owes a newed effort and confidence of th 

debt to him. It is not alone a debt for future 


THE AWARD OF THE FREDERIC IVES MEDAL TO PROFESSOR NICHOLS 


THE Optical Society of America at its degree at Cornell in 1875, he studied 


recent meeting at Cornell University successively in Leipzig, Berlin and Got 
October 24 to 26, awarded the Frederic  tingen, from which latter university he 
Ives medal to Professor Edward L. received the doctorate in 1879. He was 
Nichols, professor emeritus of physies at a fellow at Hopkins in 1879-80, and for 
Cornell University. This medal was en- a short time thereafter was associate 

dowed in 1928 by Dr. Herbert E. Ives, with Edison in the development ot Tt 

in honor of his father, Mr. Frederic incandescent lamp, particularly wit! 
Ives, distinguished for his pioneer con- reference to photometric methods of 
tributions to color photography, photo- measurements of candle-power 

graving, three-color process printing and \fter serving as professor of physics 


other branches of applied opties. It is suecessively at the University of Kei 
awarded biennially for distinguished’ tucky and at the Universit) 
work in opties. Professor Nichols, one Professor Nichols was called to his a 


fessor of phvsies in 188 


" ; 


of the five honorary members of the mater as prof 
Optical Society, is the first recipient of | which post he still holds, becoming 


the medal. The presentation took place fessor emeritus in 1919 


at a dinner arranged jointly by the During the period of thirty-two vears 
Optical Society of America and the col from 1887 to 1919 while he was director 
leagues of Professor Nichols on the of the department of physics at Cornell 
faculty of Cornell University. University, there passed through the de 


) 


Professor Nichols’ contributions to partment a large number of graduate 
science and his activities in connection students and instruetors who now hold 
with American scientific societies are so positions of responsibility throughout 

; 


well known as to require only passing the entire country. <A large number o 


comment. After receiving the B. S these returned to Cornell to attend the 
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THE FREDERIC IVES MEDAL AWARDED TO PROFESSOR NICHOTI 

physics conference and reunion upon With the assistance of Professor H 
the occasion of Professor Nichols’ retire L, Ho es ana \Iy 1) | \\ Ther} ») 
ment as director in 1919 sor Nichols published in 1902S m1) 

Professor Nichols is a member of page report of his 
many scientific societies, including the luminescence and 
National Academy of Selences: the Incandescent solids 
American Association for the Advance has been at work for 
ment of Science, of which he was presi This report is” ren 
dent in 1907; the American Physical Was tf presents 
Society, of which he Was president in rormatl nm on this ! oO} 
1907-09: Siema Ni, of which he was on the basis of whiel 
national president in 1908. He was ac theories will doubtless | tL 60) 
tive in founding the American Physical more significar 
Society and was Instrumental in start that a large part of this 
ing the Physical Review, the outstanding — either done by Professor N 
journal of physics in America or directed by him s 

His first paper was published in 1879. = ment from active set 
In the intervening fifty vears there has ndeed, it is one of the 2 ts 
been scarcely a vear during which he nspiration to those of 
has not published several papers, as the the great wood fort 
results of his own investigations and of Professor Nichols in the ) S1C¢S 
with various collaborators. in the fields oratory at Cornell U1 rsity te ‘ , 
of photometry, spectrophotometry and maintain, even with inereas vO! 
luminescence, to which latter subject hi activities In researe! 
has devoted a very large proportion of retirement Many regan eco} 
his attention during the past twenty plishments of thes ist te) ears 
five vears. Although he became profes representing the best wor f his 
sor emeritus ten vears ago, he is still as and distingu’-hed career 
bus) as ever with his collaborators in However muel Prof esen) \ ols 
the physies laboratory at Cornell Uni esteemed as a scientist by thos 
versity extending his investigations in worked with and under him or | 
this important field watched his accomplishments from 1] 








it 


outside, still more striking are his per- 
sonal qualities as seen by those who have 
had the rare privilege of knowing him 
man. His elementary lectures to 
undergraduates were always fascinating 
but that he 
carried lecture room 
something far than the 
information so clearly imparted by this 
the table. 


his lectures a quiet 


as a 


has stated 
the 
valuable 


many a student 


away from 
more 
lecture 


teacher over 


about 


skilled 
There 


dignity, an unaffected simplicity, a re 


Was 


knowledge, 
Grad 
uate students and the vounger members 
of his staff have profited still more from 


a love of all 


spect for and 
which could not but be infectious. 


these rare qualities of his by virtue of 
their closer contacts with him. 

A single ins.ance out of my own per- 
sonal experience will suffice to indicate 
the love and esteem with 
which Nichols is 
When I came to Cornell as an untutored 
freshman I had a hazy notion that I 
wished to study electricity, and I made 
my way to the physies building for ad- 


basis of the 


Professor regarded 


vice. Upon entering the hall, the first 


person whom l Saw was the man who, as 


I learned later, was head of the depart- 
ment, Nichols. I asked if I 
could find some one who could give me 
advice with the 
study which I should take in order to 
with the field of 


Professor 
courses of 


regard to 


become acquainted 
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electricity Instead of referring me 

some one else, he immediately, in the 
most kindly and unreserved yet dign 
fied manner, asked me further about n 

plans and desires. His attitude was so 
sympathetic and so full of cordiality 
the slightest 
that ] 


sessed of a desire so to shape my unde 


sugvest ion oO! 


vet without 


Was at once pos 


condescension, 
rraduate course as to come more direct 
into contact with this man. In a ver 
few moments he outlined to me a cours: 
which I should follow—and 
which indeed | did 
out Further, he 


student quite unknown to him, a cordial 


of study 
follow almost wit] 


change vave me, 


invitation to come to him at any time 


course of stud) 


Nicho ~ 


would 


in connection with m\ 
Had |] 


again, 


never met Professor 


those few moments have 


among the 
But 


stood out in my memory as 


most inspiring of a lifetime sub 
sequent contacts in the department later 
as a graduate student, instructor and 
member of the staff have been even fuller 
of inspiration and encouragement 
Every one who has worked with or 
Nichols relate 
all of 


veneration in 


under Professor can 
which serve To 
whieh this 


held by 


those who have been associated with hin 


F. Kk. 


similar instances 
the 
scientist 


explain 


creat and teacher is 


RICHTMYER 
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of the German 
in the United States, 


with the advantages it has 


A discussion of the contributions 
university to higher education 
dealing especially given 
to American students enrolled in its classes and the 
influence which native Germans have had as teachers 
in American colleges. 

A Popular Guide to the Study of Insects. E. 
PorTER FELT. 147 pp. $.50. Bird Song. Areras 
A. SAUNDERS. 202 pp. $.75. New York State 
Museum. 


Two books of natural history especially well writ 
ten for the nature lover. soth are fully illustrated. 
Practical Plant Biochemistry. 
OnsLow. Third 
millan Company. 


MURIEL W. 


edition. 206 pp. $4.00. Mac 


A text-book for the student of botany already 
versed in the elements of organic chemistry, supple- 
mented with many clearly described experiments. 
This treatise fills the gap between organic chemistry 
and plant physiology. 


Brain Mechanisms and Intelligence. K. 8S. LAsn- 
LEY. xiv+186 pp. $3.00. 
versity of Chicago Press, 


Illustrated. Uni 
A quantitative study of injuries to the brain. A 
monograph from the Behavior Research Fund, re- 
porting on the results of experiments designed for 
an analysis of the neural mechanisms which play a 
part in learning. 
The Psychology of the Infant. Siverriep BERN- 
FELD, Translated by Rosetta Hurwitz. xi+309 


pp. $4.00. Brentano’s. 


A comprehensive and intensive study of every 
phase of the life of the child from the day of its 
birth to weaning. The subject is dealt with in the 
light of what the author considers best in past and 
present psychology. 

The Wonderful Story of Science. INEz N. McFEE. 
xii+398 pp. Illustrated. $2.50. Thomas Y. 
Crowell Company. 


The author’s aim is to introduce, in an informal 
and non-technical style, the story of each of the 
seven sciences. New, unexplored and interesting pos- 
sibilities of each are suggested. This is a book for 
the leisure hour of the average reader. 


The Science of Nutrition Simplified. 
WARNE, vii+314 pp. Illustrated. 
Mosby Company. 


This volume endeavors to explain the princi; 
nutrition in a form suitable to the needs of the 
nary reader, and to 
knowledge of the 


dietetics. 


provide him with an ade 


fundamental scientific fact 


Insects: Their Structure and Life. Grorn 


CARPENTER, 
trated. $3.75. E., 


Second edition. xi+335 pp. I 


P. Dutton and Company 


A primer of entomology for the student, b: 
field, 
classification and evolution, and rel 
their environment. The book cont 


plates and 184 black and white figures 


outlining the whole including the for 
history, 
Insects to 


‘ olored 


Psychology. Roserr S. WoopwortnH. Revis« 
tion. xiii+ 590 Henry Holt 
Company. 


pp. $3.00. 


A complete treatise of general psychology wr 


in clear and simple language for the averags 
dent by a professor of psychology at Columbia 
versity. In this edition the broader topics are t 
up and followed by the more specialized for 


activity. 


Ends of the Earth. Roy CC. ANDREWS. x 


Illustrated. $4.50. G. P. Putnam’s Sons. 


A narrative of the events leading up to the far 
Asiatic expeditions of Mr. Andrews. He tells 
informal and simple adventures 
member of the expeditions of the American Mus: 
of Natural History, of whaling cruises and of lif 
the Orient. 


style of his 


The Quest for Certainty. Joun Dewey. 318 
$4.00. 


Minton, Balch and Company. 


A study of the relations of knowledge and 
based on the Gifford lectures Profes 
Dewey at the University of Edinburgh. Dr. I 
is head of the department of philosophy at Col 
University. 


given by 


Backgrounds of Biology. 
Tuomas L. MALUMPHY, x+4 
$2.50. Bruce Publishing Company. 


JOHN GIESEN 


278 pp. Illustrat 


An informal text for the student and the gen 
reader who has had no particular training in b 
ogy. It covers a broad field devoting separate ch 
ters to such subjects as immunity, endocrine gla! 
and animal psychology. 


Geologic Structures. BamLey WILLIs and Ro 
WILLIs. 
Illustrated. 


edition revised. xv+518 
McGraw-Hill Book Comp 


Second 
$4.00. 


A comprehensive and technical work for the s! 


| dent and teacher as well as the field geologist 


engineer. The principles of mechanics are app! 
to the interpretation of the described geologic str’ 
tures. 
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Recent = 
eMcGraw- Hill Books 


Poultry Science and Practice 
By Roy H. Waite, Professor of Poultry Husband ersity of M l 
ry Graw-H l Publications in the Aari« tu al ¢ ; ( ‘ 433 pages, 
6 x 9, 337 illustrations. $3.50 
A clear, detailed treatment n 
applications of these principles in pri 


Waite’s 


Lutman’s 


Microbiology 

By Benjamin F. Lutman, Professor of Plant Pathology, University of \ nt 
McGraw-Hill Publications in the Agricultural ar Jota a ) . 195 pages, 
6 x 9, 211 illustrations. $4.00 

A presentation of microbiology by th« vp ! l n types t 
have biologic al or practical importance are d ribed in nsiderable det As 
much as possible of both morphology an 
mold, yeast, bacterium or enzyme, and ot 
the types. 


Shull’s 
Principles of Animal Biology—New Third Editio 

By A. Franklin Shull, Professor of Zoology, University of Mi 
collaboration of George R. La Rue and Alexander G. pation, 
Zoology, University of Michigan. McGraw-Hill P ations in t 
Sciences. Third edition. 405 pages, 6 x 9, 266 illustrations. 

In this revision the authors reaffirm their ! t 
to biological science is through the presentat 
fundamental principles. Important I 
the morphology and ‘iotues 
physiology and of genetics, 


Shull’s 
Laboratory Directions in Principles of Animal Biology 
New Third Edition 
3y A. Franklin Shull, collaboration of George R. La Rue and Alexander G 
Ruthven. McGraw-Hill Publications in the Zoo , lniences T) litior 
93 pages, 6 x 9 $1.00 
A carefully organized series of laboratory d { ino ¢ = 
portant generalizations of biology. This revisior f 
of the textbook—Shull’s Principles of Aniued inten. 


Sinnott’s 
Botany: Principles and Problems—Vew Secy 
By Edmund W. Sinnott, Professor of Botany, Barnard Col 
versity. McGraw-Hill Publications in the 1a / 
Second edition, 441 pages, 6 x 9, 269 illustrations. 

A careful rewriting and revision of this well-known text for the 
botanical course. In its essential features the book is unaltered but ere 
been several rearrangements of material and changes of emphasis. Througho 
book the plant is studied as a functioning structure. The text is somew!l 
and the number of illustrations has been increased considerably 


Send for these on approval 


McGRAW-HILL BOOK COMPANY, Inc. 


Penn Terminal Building 
370 Seventh Avenue New York 
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The Scientific Monthly 


An Illustrated Magazine Devoted to the Diffusion of Science 
J. McKEEN CATTELL, Editor 
WARE CATTELL, Associate Editor 


Published by THE SCIENCE PRESS 
LANCASTER, PA.—NEW YORK, N. Y., Grand Central Terminal—GARRISON, N. Y. 


Whole No. 171 


Yearly Subscription, $5.00 


COPYRIGHT 1929 BY THE SCIENCE PRESS 
Entered as second-class matter at the post office at Lancaster, Pa., July 18, 1923, under the Act of 
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Pp. 


Grand Central Terminal 





New Impression Now Ready 


The Foundations of Science 
By H. POINCARE 
xi + 553 


Containing the authorized English translation by George Bruce Halsted of ‘‘Science and 
Hypothesis,’’ ‘‘The Value of Science’’ and ‘‘Science and Method,’’ with a special 
preface by Poincaré, and an introduction by Josiah Royce. 


THE SCIENCE PRESS 


Price, postpaid, $5.00. 


New York, N. Y. 











RECENT BOOKS OF SCIENTIFIC INTEREST 


Blood: A Study in General Physiology. 


Physician and Patient. Edited by L. EvcEne 
EMERSON, 244 pp. $2.50. Harvard University 
Press, 

This book is intended for all who are interested 
in medicine; physicians, nurses, students and all 
who have ever been sick, ever will be sick, or have 
anything to do with the sick. It emphasizes the 
view that not alone the patient’s body but also his 
mind should be cared for by the physician. 


The Theory of the Gene. Revised Edition. 
THomas Hunt Morgan. 358 pp.  [Illustrated. 
$4.00. Yale University Press, 


A revised and enlarged edition of the volume first 
published in 1926. The American Library Associa- 
tion selected the first edition as one of the forty 
most notable American publications of that year. 


Growth. SamvEL Bropy, ALBERT GARLAND HOGAN, 
CLARENCE MARTIN’ JACKSON, CHARLES WILSON 
GREENE. 189 pp. Illustrated. $3.00. Yale Uni- 
versity Press. 

Essays on the biological principles of growth, in- 
cluding “An Analysis of the Course of Growth and 
Senescence,” “ Relations between Growth and Nutri- 
tion,” “ Aspects of Form and Growth” and “ Physi- 
ological Abnormalities of Growth.” 


Law 
Illustrated wit 
Yale University 


RENCE J, HENDERSON. 
tables and diagrams. 
Press. 


397 pp. 
$5.00. 


A volume based on the Silliman Lectures deliver: 
at Yale University with the addition of such mater 
as seemed necessary to make the work methodic: 
and useful. The subject is the red blood of vert« 
brates. 


The Anatomy and Physiology of Capillaries 
Revised Edition. August Kroeu. 445 pp. Illus 
trated. $4.00. Yale University Press. 


A revised edition of the earlier volume based « 
the Silliman Lectures delivered at Yale University 1: 
1922. This edition is expanded and includes the r 
sults of subsequent research. 


A Guide to the Winter Birds of the North 
Carolina Sandhills. Minton P. SKINNER and Jon 
WARREN ACHORN. 295 pp. $4.00. Science Press 

A book primarily for people who are, or may wis! 
to become, interested in birds rather than for scien 


tists. Technical terms are avoided so far as pos 
sible, but care has been taken to make every state 


‘ ment scientifically accurate. 
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Books by Prof. Knight Dunlap 





Elements of Scientific Psychology 


Professor Dunlap presents the accepted substance of psychology, clearing away many 
of the confusing dogmas of the various ‘‘schools’’ which, in the past, have made psychology 
appear to the layman to be a mass of arbitrary and conflicting ‘‘isms.’’ Starting from the 
fact that the individual is primarily an organism for response, or adjustment to its environ 
ment, the relation between consciousness and the responses is explained without any psycho 
logical assumption beyond the known connection of sense-organ with muscle and gland, 
and the well-established tendency of the nervous system to ‘‘integrate,’’ or function as a 
whole. Habit formation is thus shown to be the basis for the development of mental life; 
and every art of thinking, perceiving, and feeling, as well as every outward activity, is 
definitely connected with neutral integration. The elimination of vague assumption of 
mysterious brain activities is a distinct advance in textbook construction. 368 pages, 31 
illustrations. Postpaid, $3.50. 


Old & New Viewpoints Mysticism, Freudianism 
in Psychology & Scientific Psychology 


Dunlap analyzes Mysticism and its historical 
Covers some interpretations and applications of aspects, contrasting it with pseudo-mysticism 
psychological principles. Contains lectures on and quasi-mysticism and indicating the psycho 
Mental Measurements (Prepared with coopera- logical characteristics; the theories of Freud 
tion of Dr. Buford Johnson and Mr. Schachne and his school are presented with scrupulous 
Isaacs, of Johns Hopkins University); Present- accuracy; the scientific basis and methods of 
Day Schools of Psychology; Psychological Fac- present-day psychology are explained and are 
tors in Spiritualism; The Psychology of the contrasted with the mystical bases and unscien 
Comic; Reading of Character from External tific methods of Freudian psychology i738 


Signs. 166 pages, with jacket Postpaid, $1.50 pages, with jacket. Postpaid, $1.50 


Personal Beauty and Racial Betterment 


A brief and clear presentation of the central problems of eugenics as seen from the viewpoint of 


physiological psychoiogy. Physicians, Ministers and psychologists will read it with interest and 


profit. Students of the present-day theatre and all others interested in social problems will find it 


stimulating and suggestive. 95 pages, with jacket. Postpaid, $1.00. 


WE Sign and Mail This Coupon Today 


The C. V. MOSBY COMPANY, 3523 Pine Blvd.—ST. LOUIS 


You may send me the books checked below. 


C7 Elements of Scien. Psychology ... . $3.50 ? Mysticism, Freudianism, Sci. Psy $}.50 


c7 Old & New Viewpoints in Psy. ry Personal Beauty & Racial Bet 


Name Address 
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THE CHROMOSOMES IN MAN 
SEX AND SOMATIC 


By 


. 


Hersert M. Evans AnD OLIVE Swezy 


The brilliant work done in recent years on the correlation between 
the mitotic behavior of cell nuclei and fundamental conceptions in 
heredity and evolution has made the question of the chromosome pictures 
in man one of intense interest. 


Discrepancies in the accounts hitherto given by investigators of ap- 
parently equal competence abundantly justify the detail of this publica- 
tion. It represents the devotion of some years to the subject and the 
authors express the hope that it may merit the distinction of laying at 
rest the question of chromosome number and type in human beings. 


Memoirs of the University of California 


Volume g, No. 1, October 19290—65 pages, 8 text figures, 11 plates, $1.50 


University of California Press 


Berkeley, California 




















Ready for distribution, November 25, 1929. 


A HISTORY OF WOMEN’S EDUCATION IN THE 
UNITED STATES 
By 
THOMAS WOODY 


Professor of the History of Education, University of Pennsylvania 


“ While we have modern histories, political, philosoph- 

ical and educational histories, we still lack one that 
; . : ” 

duly takes into view the education of women. 


These volumes are designed to fill this gap in our social history. 


Two volumes. 1338 pages. Price $10.00. 
Many rare documents never before reproduced. 


THE SCIENCE PRESS 
Grand Central Terminal Lime and Green Streets 
NEW YORK, N.Y. LANCASTER, PA. 
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Ideal Christmas Gifts for Scientists 








‘*The first profound study « 


ture of the human brain iz 


or less nearly related to nal s ¢ "" FA ) ) 


THE BRAIN 


FROM APE TO MAN 


A Contribution to the Study of the Evolution 
and Development of the Human Brain 
BY 
FREDERICK TILNEY, M.D 
Professor of Neurology, Columbia U0» sity, N 
WiTH A FOREWORD BY HENRY FAIRFIELD Ospor? 


Selected by the American Library Association as One of the Four Notable American 
Books of 1928, in the field of Natural Science 


Two Large Votumes (8x 10% Ini 
CONTAINING OvER 900 PAGES AND 500 ILLUSTRATIONS 
HANDSOMELY BouND IN CLoTH & NEATLY BOXED 


“A CLASSIC ESSAY” 


JO OF ” 


OLD AGE 


THE MAJOR INVOLUTION 
The Phystology and Pathology of the Aging Process 
BY 
ALDRED SCOTT WARTHIN, Pxu.D., M.D., LL.D 
Professor of Pathology and Director o athe vical rf 
n the University of Mich 





‘*A SCIENTIFIC AND SANE PHILOSOPHY OF LIFI 
present misleading teaching concerning old age as : 
condition. ’’—RBoston Globe. 

12M0. EXTRA CLOTH, OVER 200 PAGES, 

TRATIONS, WITH DECORATIVE INITIALS, 
There is also a Special, Large (hand-made) Paper 
Limited to 200 Numbered Copies, at $12.50 per 


PAUL B- HOEBER - INC. - PUBLISHERS - 76 FIFTH AVE-N-Y- 
Publishers of Annals of Medical History, The American Journal of Surgery, The 
American Journal of Roentgenology and Radium Therapy 
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OPEN-DIAL RESISTANCE BOXES 
With Either A.C. or D.C. Windings 


Views Showing Arrangement of Dials on 3-dial and 4-dial Resistance Boxes 


HESE boxes are primarily designed for high wattage dissipation with 

high accuracy. They are made in two types, which are identical in outside 
appearance, but which differ in that one type has coils wound for either a.c. 
or d.c., and the other type has coils wound for d.c. only. 


The a.c.-d.c. boxes have coils wound on wooden spools, and they are therefore 
intended primarily for a.c, 


Boxes used for d.c. have coils wound on metal spools, which are integral with 
the exposed switch studs, to give best radiation of heat. Both metal-spool 
and wood-spool coils are accurate on d.c, to within 0.05 percent for all except 
the 0.01 and 0.1 ohm values; which are accurate to within 0.0005 ohm and 
0.001 ohm, respectively. 

Switches used in these boxes are our best design, with extremely low contact 
resistance. Boxes are of metal, perforated, and may be set in a cooling oil- 
bath if desired. Top plates are polished hard rubber, and covers are mahogany. 


The following two boxes are recent additions to the line of a.c, boxes. 


4731 10X0.01+9(0.1+1) ohms $80.00 
4732 100.1 +9(1+10) ohms 80.00 






Prices of other boxes in the series, both a.c. and d.c. types, are given in Catalog 
M-40, which will be sent on request. 


Ask For Catalog M-40 


LEEDS & NORTHRUP COMPANY 
4901 STENTON AVENUE PHILADELPHIA, PA. 


LEEDS & NORTHRUP 


Electrical Measuring Iastruments Hump and Homo Heat Treating Furnaces 
Potentiometer Pyrometers A tie Combustion Contro 






















































od 
Paste 


_- 








THE SCIENTIFIC MONTHLY—ADVERTISEMENTS 











Complete Equipment for 


Explorers, Scientists, Engineers, 
Hunters and Travelers 


We have The only 
Equipped jf house 
many RE a Tah, ee in the 
Expedi- [ii va > U.S. 
tions . 4 ia ( — where 
| every 
item 


may be 


Equator obtained 


Gurley’s Transits, Levels, Current Meters; Paulin Altimeters; Binoculars, 
Microscopes, Cameras, Motion Picture Outfits; Tents and Camp Requi- 
sites; Sleeping Bags; Saddlery; Outdoor Clothing for every climate; Boats; 
Arms and Ammunition, etc. 


We have recently equipped two expeditions for Greenland, one for 
Persia and others for Venezuela, Peru, Bolivia, and Brazil. Some of 
these exploring parties we equipped with practically everything they 
needed from engineering instruments to rifles, ammunition and food. 
Our tents, made of Equatorial Waterproof Cloth, have stood the sun 
of the tropics and the freezing blasts of the Polar regions. 


Let us furnish estimates—write us your wants. 


Catalogs and Testimonial Letiers on request 


AMTRONY FIALA (CaSR sas 


** Look for the sign of the Polar Bear” 
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In the Grand Central Zone 
Hotel 


MONTCLAIR 


Bookbinding 
Lexington Avenue 


VWF SPECIALIZE in the 49th to 50th Ste 
binding of Selentifie and NEW YORK CITY 
Medical Periodieals. Our bind- 


ings are substantial; our work 
prompt and our prices low. 800 Rooms 800 Baths 


rr 


Just Completed and Ope ned 


Orders for single volumes and Each with Tub and Shower 
complete libraries receive prompt Radio in Every Room 


and efficient attention. 
Room & Bath 


$3-$5 
LAUNDER BOOKBINDERY ge lly ay 















(Established 1882) 8S. Gregory | 
Taylor, | 
: psident. 
157-159 East Thirty-Second Street ecar WW. IST: ayryryry ead? 
Richards, eeeee)6! 6 13 
New York, N. Y. manager. 1 :/ my 7 


Tele phone Caledonia 5873 














NOW OPEN 


Chewijorr, 
@VERNC OR GINTON 


Opposite Penn. R. R. Station 
New York’s new hotel truly expressive of 
the —% city. 1200 « Ben x rooms 
each with Servidor, bath, circulating 

ice water and radio provisions. 











E. G. KILL 





7™ AVENUE 





iq 
ti 
Bout 















Field Equipment for 
Engineers, Explorers, Hunters, Travelers 


Scientific Instruments Optical Instruments 
Packing Equipment; Skis Astronomic Telescopes 
Firearms; Clothing; Range Finders 


Fiala Pat. Sleeping Bags Binoculars 
Rifle Telescopes and Schuler Mounts 
Write for catalog “A” 


Headquarters for 
PAULIN ALTIMETERS 


An instrument which mea 
sures differences in elevation 
with more speed and greater 
accuracy than any other in 
strument made. In accuracy, 
it is only exceeded by the 
precise level and transit. The 
PAULIN is light, compact 
and strongly con- 
structed, yet ex 
tremely sensitive, 
being capable of 
recording 
differences in 
elevation as 
small as 12 
inches 

















Range 
900 to 0 to 
+- 9700 ft 
Dia. 414” 
Ht. 23¢”’ 

Wt. 23 oz. 


Prepaigd 129 


Instructions given for use of Paulin Altimeters 


Visit our new store Enlarged stock and facilities 


ANTHONY FIALA i] Werren Street 





BIOLOGICAL and NATURAL 
| 





Pe HISTORY 
MATERIAL | 


Zoological Groups | 









Embryological Slides 
Botanical Life Histories 


Drosophila Cultures 


Verrill’s Vineyard Sound Report 
formerly $3.00, now $5.00 per 


copy 
Catalogs on request: Address 


Geo. M. Gray, Curator 
Supply Department 


Marine Biological Laboratory 
Woods Hole, Mass., U. S. A. 
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34 Union Square 





FOR THE 
BIOLOGICAL SCIENCES 


Models 
Skeletons 
Lantern Slides 
Display Material 
Preserved Material 
Naturalists Supplies 
Stains and Chemicals 
Museum Preparations 
Laboratory Glassware 
Bird Skins and Mounts 
Dissecting Instruments 
Bacteriological Reagents 
Microscope Slide Preparations 
Charts, Botanica! and Zoological 
Insect Life-histories and Collections 


Microscopes, Microtomes and Accessories 


NEW YORK BIOLOGICAL SUPPLY CO 














* SPORTGLASS 


VEST POCKET 


A FINE GIFT FOR 
CHRISTMAS 


Easily carried in pocket or purse 
Compact—have ther at football 
games, races, ringside and outdoors 
Different: powerful with wide fleld 
of view (265 yds. at 1000 yds.) ; 90 
luminosity. Beautifully finished 
Every one would be delighted to 
own an “ ELDIS”: 3%” long; 1%” 
high (closed); 1 3/16 wide; weight 


4 oz. in soft leather pouch Blue, 
jade, or tan finish, $13.50; black, $13 
Ask your dealer sent direct if he cannot supply 
Money back guarantee Write for folder u 


Dealers inquiries invited 


AMERICAN THERMO-WARE CO., Inc 


Exclusive Importers—FEst. 1901 
16 WARREN STREET 
NEW YORK 








New York City 














THE SCIENTIFIC MONTHLY—ADVERTISEMENTS 














Tue Screntiric MontHLy 
as an advertising medium 


“Your Money’s Worth; A study in the waste of the consumer’s dollar,” by Stuart 
Chase and F. J. Schlink, published in 1927 by The Macmillan Company, has quickly 
attained a large sale and much influence. It has been selected by the Book-of-the-Month 
Club as one of the twelve books of the year most worthy of general reading. In the 
final paragraph of the summary the authors write: 


Never believe advertisements of competitive goods (except in scientific journals), 
and say so, loudly, clearly and on every possible occasion. Thus may ultimately come 
advertising that you can believe—copy backed by impartial scientific authority. 


Earlier in the book (page 162) it is said: 


For advertising which really informs and so fulfills a useful economic function, look 
through’a copy of Science or the Physical Review or The Scientific Monthly. 


Under instructions from the editor, the advertising department of THE SCIEN- 
TIFIC MONTHLY seeks to obtain only advertisements that are useful to its readers, 
are worth what they cost to the advertiser, and are as reliable as the contents of the 
editorial pages of the journal. It may not always be desirable to reject advertisements 
that are offered, and statements made are not necessarily endorsed, for a certain free- 
dom must be allowed to signed advertisements such as an editor allows to signed com- 
munications. The advertising department will, however, welcome information as to 
any statement made in an advertisement that may appear to be incorrect or misleading. 


THE SCIENCE PRESS 


GRAND CENTRAL TERMINAL NEW YORE, N. Y. 




















Publishers: G. k. STECHERT & CO., New York—DAVID NUTT, London—FELIX ALCAN, Paris— 
AKAD. VERLAGSGESELLSCHAFT, Leipzig—NICOLA ZANICHELLI, Bologna—RUIZ HER- 
MANOS, Madrid—RENASCENCA PORTUGUESA, Porto—THE MARUZEN COMPANY, Tokyo 
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ve INTERNATIONAL REVIEW OF SCIENTIFIC SYNTHESIS 
“CCIENTIA Published every monih (each number containing 100 to 120 
pages) 
Editor: EUGENIO RIGNANO 


IS THE ONLY REVIEW the contributors to which are really international. 

IS THE ONLY REVIEW that has a really world-wide circulation. 

IS THE ONLY REVIEW of scientific synthesis and unification that deals with the funda- 
mental questions of all sciences: the history of the sciences, mathematics, astronomy, 
geology, physics, chemistry, biology, psychology and sociology. 

IS THE ONLY REVIEW therefore which, while immediately interesting students of 
mathematics, astronomy, astrophysics and physics, by its numerous and important 
articles and reports relating to these scie:.ces, presents them also the means of knowing, 
in a summary and synthetic form, the chief problems of all the other branches of 
knowledge. 

Is THE ONLY REVIEW that among its contributors can boast of the most illustrious men 
of science in the whole world. A list of more than 350 of these is given in each number. 

The articles are published in the language of their author, and every number has a supple- 
ment containing the French translation of all the articles that are not French. The review 
is thus completely accessible to those who know only French. (Write for a free copy to 
the General Secretary of ‘‘Scientia,’’ Milan, sending 12 cents in stamps of your coun- 
try, merely to cover packing and postage.) 


SUBSCRIPTION: $10, post free OFFICE: Via A. De Togni Milan (116) 
General Secretary: Dr. PAOLO BONETTI 
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E. C. CHESWELL, 


A. Distributor for Messrs. 


Is not the 
day Money has not 
phases of your life. 
We guarantee 
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BOOKBINDING 


We specialize in the binding of Scientifie and 
Medical Periodicals. Our bindings are sub- 
stantial; our work prompt, and our prices low. 


LAUNDER BOOKBINDERY 
(Established 1882) 
Thirty-Second Street, 


157-159 East New York, N. Y. 


THE MICROSCOPE 
By SIMON H. GAGE, of Cornell University 
Revised, Dark-field Edition (1927) now Available. 


The Old and the New in Microscopy, with a special 
chapter on Dark-Field Methods and their 


Application. 
Postpaid, $3.50 


COMSTOCK PUBLISHING COMPANY, ITHACA, N.Y. 








FINE SHELLS 


I have in stock without question the largest 
assortment of fine shells in this country, all 
properly classified. Will furnish collections 
of any size up to 20,000 species at moderate 
prices. Correspondence solicited. Will re 
classify old collections, bring them up to date, 
adding any species that may be desired to 
make them of use for study or teaching, 
at modest rates. Have specialized in shells 
for thirty years, and own complete working 
library. Free booklet on request. 


WALTER F. WEBB 
Rochester, N. Y. 


202 Westminster Road 











n 
nororivo 


(This 


What 


ss steel edges con er Corr 


I 


I 


i 


the kine 
friends 


isiy short fe or! ri e en ( 


service 
kind 
equipment a parti uariy § si tor ve 


MONTHLY 


RAINES NONE 
The New 


The Razor 


ck nsit 
RK 
ist such 


or bl 
CORROSION 


rik 
1 fine 


g£enulne 


Sold ir 
these gt 
( . Also, in 
and Wat 
7 is effec 


Melrose 
John Watts, 


ts Spiro Sharpening M 








ADVERTISEMENTS 










ARLE LE LE LE 


Na 


‘Watts-Service 
Safety 


Steel 


Razor 
Stainless blade. 


Bette 


with the 


I PANS ANSE 


S 


WS 


WATTS-SERVICI Sal it 


of efficient shaving ser 


WS 


e 18 I naicat nh ¢ its 


e) 


I. 
r 
f 
Sf. = 
. 
° 


‘ | 
larger fine leather « S¢ he . 7 J 


shaving equipment) 0 | 
the st annoying cir 


or service h " expect ret ther 


Highlands (77), Mass 


Shefilield, England. 


ae 


WHE 
rt IRC HARVEST 


a long sarrative poem by 


MAIRW TIENCHITOSN 


~ 

MODERN version Of the eternal love story 
A of Adam and Eve in the Garden of Eden, 
illumined by the intuition of a woman's he4rt, 
and presented in a beautiful edition 

“A work of beauty throughout. 

drous Eden setting, the) instinctive faith of 
man, his yearning for ttuth, and the sweetness 
aré the threads woven into 


The won- 


of dawning love, 
the story, which never teases to be poetic and 
John Clair Minot in Boston Herald. 


IUustrated, by courtesy of the Boston 
Public Library, with reproductions of 
paintings by John Singer Sargent. 


At\all booksellers or from 


noble.” 


Large format. 
the publishe rs, $3. 
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SCHOOL AND SOCIETY 


EDITED BY J. McKEEN CATTELL 





WITH WHICH IS COMBINED THE 


EDUCATIONAL REVIEW 


EDITED BY WILLIAM McANDREW 








The Educational Review was established in 1890 by Dr. Nicholas Murray Butle: 
now president of Columbia University, and was edited by him for twenty-nine years 
The editorship was then taken by Dr. Frank Pierrepont Graves, and after he had becom: 
New York State Commissioner of Education by William McAndrew, recently superinte1 
dent of the Chicago schools. The Educational Review maintained for nearly forty years 
the highest standards, having been, as Joy Morgan, editor of the Journal of the Nationa! 
Education Association, remarked ‘‘the Atlantic Monthly of the educational group.’’ Th: 
magazine has now been combined with SCHOOL AND SOCIETY, Mr. McAndrew con 
tinuing as editor of the Educational Review section. Previously The School Journal. 
established in 1874, and The Teachers Magazine, established in 1878, had been merged 
in SCHOOL AND SOCIETY. It it hoped that the interests of education will be best 
served by the weekly publication of a single journal having the united support of all! 
students of education. 


SCHOOL AND SOCIETY, established in 1915 by J. McKeen Cattell, then pro- 
fessor in Columbia University and the Teachers College, and since edited by him, has 
maintained distinction in form, in objects and in contents. It is a weekly journal, 
attractive in typography and in appearance. The frequent publication permits prompt- 
ness in the printing of articles and timeliness in the news; it gives continuity to educa 
tional interest. The scope of the journal, as its name indicates, is broad, covering th 
whole field of education and its relations to the social order. It encourages discussion 
of all problems from every point of view; it pays special attention to foreign affairs; it 
publishes accounts of educational events of the past week and research on fundamental 
problems. The contributors have included the leaders of education in America. 


A journal such as SCHOOL AND SOCIETY promotes educational progress and 
maintains the standards of the profession. It aims to preserve the unity of education 
from the nursery school and before to the university and after, and to keep the educa 
tional system in touch with modern democratic civilization. It is in the interest of 
education that SCHOOL AND SOCIETY be in every educational and public library 
and that it be read by those in control on the boards of schools and institutions and by 
the more intelligent part of the general public on whom in the last resort education in a 
democracy is dependent. It is even more desirable that all teachers have access to a 
journal the reading of which is the equivalent of a liberal professional education. 








$5.00 A YEAR PUBLISHED WEEKLY 15 Cents a Copy 
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Flowers and Insects 


By 


CHARLES ROBERTSON 
225 pp. $3.00 


“Insects are of the greatest use to man as flower pollinators,” says Professor F 
Balfour-Browne in his book on insects. ‘‘The plants provide pollen and nectar as food 
and drink for the insects and in return, the insects carry out the pollination, and thus 
the visits to flowers are of advantage to both parties.’’ 


**One might almost imagine that both parties were actually conscious of this, be 
cause flowers have undoubtedly become adapted to insects, and insects have become 
modified in connection with their visits to flowers.’’ 


The author of “FLOWERS AND INSECTS” has made 


special study extending over many years of insect visits to flowers. 


Jeginning September, 1887, and ending July, 1899, 7,817 visits to 278 insect 
flowers were recorded by him. In the present work, these visits ure summarized, 
revised and increased until there are 15,172 visits of 1,288 insects and one hum 
ming bird to 441 insect flowers. There are 14 visits to wind flowers and 146 
visits to extra-floral nectaries. The 15,172 visits to insect flowers given here 
are to be compared with 5,231 in Mueller’s ‘‘Fertilization’’ and 8,491 in his 
‘*Alpenblumen.’’ Mention is made of the types of 232 species of insects and 
the flowers on which they were taken. The time of blooming of the flowers, the 
time when the observations were made, the flower class and the color are recorded 


This book is printed and offered for sale by 


‘ THE SCIENCE PRESS PRINTING COMPANY 


Lime and Green Streets 


Lancaster, ** ** Penna. 
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Journal of the 
Optical Society of America and 
Review of Scientific Instruments 


Published monthly by the Optical Society of 


America in co-operaticn with the Association 


of Scientific Apparatus Makers of America 


CONTENTS FOR SEPTEMBER, 1929 


Intensity Relations in the Septra of Titanium 
III. Intensities in Super-Multiplets of Ti I. 


INSTRUMENTS 


Some Characteristics of Photoelectric 

A Vacuum Are, 

Air Compressor for Small Laboratories 

An Automatic Cooling System for the Had 
ding-Siegbahn X-ray Tube. 

High Vacuum Technique,—Experimental Study 
of Effects of Ionization on Pump Speeds. 


Tubes 


A Thermostat to Work off AC Mains. 
A Simple Air Thermometer 
A Non-Porous Aluminum Alloy for Vacuum 


Chamber Castings 


Subscription $5.00 per year 
Address orders to 


F. K. RICHTMYER, Manager 


Rockefeller Hall 
Ithaca, N. Y. 




















PHOTO-ELECTRIC CELLS 


THE BURT CELL 


Without Fatigue—Highly Sensitive—Absolutely 
Reproducible—Instantaneous in Response 


The BURT-CELL is made by a new method 
and should not be confused with any other 
photo-electric cell. By a special process of 
electrolysis, the photo-electric metal is intro- 
duced into a highly evacuated bulb directly 
through the glass wall of the bulb, giving 
»hoto-electric material of absolute purity. 
he superiority of the BURT-CELL is due to 
these features, making possible results never 
before obtainable. 


Described in Bulletin 271 


QUARTZ CELLS—We are pleased to an- 
nounce that we are manufacturing reproduci- 
ble quartz photo-cells for measurement of 
ultra-violet. 


We also manufacture the STABILIZED OS- 
CILLOSCOPE—the only VISUAL OSCILLO- 
GRAPH having a linear time axis and no 
inertia—giving an accurate picture of high 
frequency wave forms. This is a most power- 
ful tool for the study of periodic phenomena. 


Write for Bulletin 273 
DR. ROBERT C. BURT 


Manufacturing and Consulting Physicist 
327 S. Michigan Ave., Pasadena, Calif. 
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Tips for a Scientifically 
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% Minded Santa Claus 
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¢ « consists of a new piece Of mental 
v tS sen is a subtle compliment to 
* the | recipient- especially SO if the 

* book is not one of those read as a 
SA social obligation, but as a true means 
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*"e of mental grac¢ 
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Medicine: Its Contribution to 
Civilization. 


AN 


science is taken for 


Therap utic 


granted But obviously its bent and 


WA 

a trend profoundly affect the social 
se; order, and the conditions of living 
< . P . . 

e> This is a book for non-professional 
° I] for tor Hand 
es people as well as for doctors. and- 
* a Merry 


somely bound, it looks like 


B 


«74 Christmas. The vital story is enter- 
ee tainingly told by Edward B. Vedder 
ee ~ ™ 
% $5.00. 


Sir Isaac Newton 

The bi-centenary volume is which 
dozen scholars join, each to treat of 
one phase of Newton's many-sided 
career. Biography is ever-popular, 
ever-stimulating. And this biograph- 
ical study of “the most profound in 
tellect in history” will delight any 
lover of the intellectual doings of his 
fellows. $5.00. 
The Ordinall of Alchimy 

A breath from the science of yes 
terday. Written by Thomas Norton 
in the 15th century and done in fac- 
simile in a delightful antique binding 
Illustrated with excellent wood-cuts 
A naive mixture of science and piety, 
done in blank verse. A prize for any 
library. $2.50. 
Research Narratives 

A bigger dollar’s worth than is 
easily found elsewhere. Fifty snap- 
shots of the progress of science, told 
by the “men who did it” and gath- 
ered by Director Flinn of Engineer- 
ing Foundation. A half-hundred five- 
minute stories of invention, discovery 
and research. $1.00. 
The Doctor in Court 

Humor, pathos, criminal psychol- 
ogy and human interest are combined 
in this close-up of court practice from 
the viewpoint of the “expert wit- 
ness.” The style is conversational 
and anecdotal; the narrative as fasci- 
nating and objective as a detective 
story. $3.00. 


The Williams « Wilkins 
Company, . Baltimore, U. S. A. 
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ALC EE 


for 


Photomicrogra phs 





In addition to its many other featu 
the feica Camera adapts 
to micro-photography. I} wonderfu 
sharpness in negat | luced | 
this equipment renders it id not only 
for enlargements but for screen proj 
tion. The advantage of using tl Leica 
for this work is that it may be used in 
conjunction with any ocular or object 
Section of Sandstone Mag. 100X This makes possible the use of the finest 
Enlargement 5 Diam. equipment available. 


The /ééca@ is equipped with an F: 3.5 Anastigmat Lens and Focal Plane Shutter of 
highest efficiency. 36 pictures at one loading. Double frame size negatives. Although it is 
a precision instrument economy, portability and ease of operation are among its chief features 


Write for Catalogue 1166-FF 
E. LEITZ, Inc. 
60 East 10th St., New York, N. Y. 




















SPECIAL SALE OF TAMI 
POCKET MICROSCOPES  - 


Widely used for botany, entomology, 
eralogy, biology, chemistry, geology and other 


general microscopic work The objective i 
divisible. With the bottom objective lens (I 
removed, the magnification ranges from 25x to 
I12x, whereas with bottom lens attached mas 
nifications range from sox to 225x. The varia 


tion in magnifications is obtained by extend 
ing or collapsing the telescopic draw tubes 
Fine focusing is accomplished by turning the 


knurled collar (E). 


Microscopic slides or other transparent 
jects are placed on the stage (A) for exan 
tion while larger and opaque objects are ex- , 
amined by removing the base (D) and placin ¢ 
the microscope directly over or on the object 
Supplied with metal case 4x 1% inches 


Cam 





Tami extended, show- 
ing magnifications cali- 


Tami Pocket Microscope List Price $20.00 
with base r ved t ° x brated n the draw 
amine opaque ebjecta’ SPECIAL SALE PRICE ao" aa” * 


PALS COMPANY 


APPARATUS FOR INDUSTRIAL AND LABORATORY USE 
153 WEST 23rd STREET NEW YORK, N. Y. 








SCIENTIFIC pH CONTROL 


and its Practical Advantages 


LsMoTTE pH Control is a scientific method for 

controlling acidity or alkalinity that is rapidly 
displacing titration and other inaccurate control 
and test methods. 

LaMotte pH (Hydrogen Ion) Control determines 
the concentration of hydrogen ions—the true acid- 
ity or alkalinity of a solution. The method is prac- 
tical, highly accurate, and requires no special 
training in its application. That is why so many 
branches of industry and research have adopted it. 

We have prepared an illustrated book ‘‘The A 
B C of Hydrogen Ion Control’’ which explains 
many applications of the method. Mail the con- 
venient coupon for a complimentary copy—TODAY 
—the Book will reach you by return mail. 








as 


The New LaMotte 
Universal pH Outfit 


(Medel 567) 

This new LaMotte Universal Outfit fi 
the need for a compact set which cov: 
a wide pH range, and which is read 
portable. 

Can be supplied with any 5, 6 or 7 set 
of LaMotte Permanent Color Standar 
and will therefore cover any part of t 
pH range 0.2 to 13.6 desired. 

Set Complete, containing: 


‘ Any 5 sets Standards $55.00 
LaMotte Chemical Products Co. sg ae 





LaMotte Chemical Products Co. S FD. ccccccudeoneeesex 
430 Light St. Baltimore, Md. 
| Address .. 
Gentlemen: 
Please send me a complimentary copy of ‘‘The | “tY ------ 
A BC of Hydrogen Ion Control.’’ | State 








Laboratory Apparatus and Supplies 





PAN-AMERICAN 
EXPOSITION: 
Gold Medal 


PARIS 
EXPOSITION: 
Eight Awards and Medals 


Our General Laboratory and Museum Supplies Include: 


Scientific Apparatus and Instruments, Chemicals, Anatomical Models, Osteological 
tions, Natural History Specimens and Preparations, Wall Charts, Mu- 
seum and Naturalists’ Supplies, Glass Jars, Microscopes and Accessories. 


Museum Cabinets (Yale Style) Biological and General Laboratory Supplies 
THE KNY-SCHEERER CORPORATION OF AMERICA 


10-14 West 2sth Street. 


Dept. of Natural Science, 
New York City 


G. Lagai, Ph.D. 























